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ORIGINAL ARTICLES 


THE LATE JAMES MOLLISON, C.3.I., LUU.. .M.1!.A.C. 

An Appreciation. 


Ur. riAMKs Molljson, O.iS.L, whose death is aunoimeed by Reuter, was educated 
at the Royal Agricultural C{)llege, (^iren(*(‘ster. After some practical experience 
of farming botli in Canada and in Knglaiid, h(‘ was aj)poiiit(‘d Sii|)(‘rinteiid(‘nt of 
Farms, Bombay, in In 1897, his designation was changtal to that of Dejuity 

Uir(‘ctor of Agriculture. AVlieii in 1901 the (iJovernmeut of l.ord Curzon deeitled 
to create the post of Inspector (huieral (A Agi’iculture in India, with a view to 
co-ordinating the activities of the various Provincial ]-)e])artment.s ot Agriculture 
and promoting etliciency, their choK^e for the first inciimbimt of the )>ost fell on 
Dr. Mollison who luid done excellent work in Bombay. He held this jK)st until 
the time of his retinuneni except for two periods, ^’()vemiau* 1901 February 1907 
and May 1910 April 1912, wlien lie was on furlough. On his ndirement in 1912 
the post of the Inspector General of .\grieultur(‘. was amalgamated with that of 
the Uir(M*tor of the Agjicultural Research Institute, Ibisa ; his siu'cessor wuis desig- 
nat(Ml Agrieultural Adviser to the Government of India. 

Dr. Mollison was made a Com])anion of tin* Star of India in 1911, and the 
honorary degree of LL.D. w^as conferred on liiiii by the rniversity of Edinhiirgh 
in 1922.* 

The establishment of the Pusa Institatcc the reorganization of the Provincial 
Departnuuits of Agriculturej the constitnlion of the Board of Agriculture in India, 
and the, recruitment of the first batch of ottieims to tlu' Indian Agrieultural Service 
were the epoch-making dcwudojmients during Dr. Mollisoii's tenure of )fllce at the 
head of the department. In developing agrieulturc on scitmtiiic liru's no man in 
this country has played a greater part than he. 

llis “ Text-book on Indian Agriculture ” in tlina* volunu's, tliough dcjiicting 
mainly the conditions in tin* Bombay Presidency as tlu‘y (‘xistcal lu^arly three 
decades ago, is a classic of its kind. 

Reared in the north of Scotland, Dr. Mollisoji had many of the outstanding 
(}ualitie8 which are cliaractcrristic of his ra(‘e. His pawky liumour and jiractical turn 
of mind were typically Scottih, Upright in all his actions and generous in his esti- 
mate of other people, Dr. MoUison's name is still revered in this c(uintry both by 
Indians and Europeans. [D. C.] 
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DK HAROLD H. MANN. 


An Appreciation. 

On Octol)(‘T IGtli, 1927, Dr. Harold H. Maan, having reached the age of fifty- 
five, retired from (.Toveniment service. By his dej)artiire the Dc'partment of Agri- 
culture in India sustains a considerabh^ loss. Dr. Mann studied in the Victoria 
University of Manchester and obtained the B.Se,. degree in 1892 with first-class 
honours in (hemistry, and won the Leblanc Medal of the University for technological 
chemistry. In the same year he was award(‘d an 1851 Exhibition Scholarsliip’' 
for research, and after working some time at Leeds, he went to the Pastiair Institute, 
Paris, in 1893-91. There he worked sp(aually under Diiclaux and felt the inspiration 
of Pasteur himself. His investigations in the Pasteur Institute were concerned with 
the action ot ciertaiu antiseptics on yeast, and the results of this work were published 
in the Ann<(h>; dr, Vlnsfitut Padeur in 1894,. Alter Kiturning to England, he spent 
some time on research in organic chemistry along with tin* late Dr. Harry Ingle. 
He then joined the Royal Agricultural Socic'.ty, as Chemical Assistant foi* research, 
under Dr, J. A. V()(‘]cker, and organized the laboratory and pot culturi* station at 
Woburn in 1898. In the same year he obtained the dcgr(*e of M.Sc. 

In April 1900 Dr. Mann came to India as the first Scientific Officer of the Lidian 
Tea Association. Tlnm followed seven years of the most strenuous worlc. The 
budget of the Scientific Department of the Tea Association was at first only Rs. 27,000 
per annum, and Dr. Mann was suj)plied with a working bench in the Indian Museum, 
Calcutta. Beyond that he had no laboratory or assistants. He was chemist, 
botanist, entomologist, agriculturist and (derk in one. To some present-day workers 
who feel that no work can be done until they are provided with a palatial laboratory, 
elaborate apparatus and one or more subordinates, the work turned out by Dr. Mann 
as a solitary scientist is an example and rebuke. From 1901 to 1907 he published, 
mostly ov()r his own name and in other cases in association with different workers, 
twenty-throe scientific publications which are still of the first importance to the 
tea industry. In addition, during this period he also published several other books, 
papers and memoirs of high scientific value, of which the most imi)ortant is The 
Pests mid Blights of the Tea Plants which was published in 1903 in collaboration 
with Sir G. W att. The work on the tea plantations was done in collaboration 
with planters, and when it was necessary to do laboratory work on the spot, 
Jlr. Mann carried the needed apparatus and set it up in a corner of a tea factory. 
Tlie development of the Scientific, Department of the Indian Tea Association is 
worth foDowing. In 1904 the budget was raised to between Hs. 40,000 and 
Rs. 50,000 and the staff increased by the addition of a second chemist (Mr. C. M. 
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Hutchinson). An experimental station for the study of tea in Assam was 
established by Dr. Mann. Later, an entomologist was appointed, and gradually 
the Scientific Department of the Tea Association has expanded until it has perhaps 
the best equipped organization in India for the study of ti e problems of an 
agi-icultural industry. On account of Dr. Mann's various important publications 
on tea and particularly on account of his work on the enzymes of the tea leaf 
and the fermentation of tea during manufacture, the University of Lcicds in 1905 
awarded Dr. Mann the degi-ec of D.Sc. 

In 1907, Dr. Mann, having left his mark broad and deep on the eastern side of 
India, came to the; west(irn side to do likewise. The Bombay Government was then 
on the look-out for a rrincipal for its newly established College of Agriculture at 
Poona, and came to the conclusion that Dr. Mann was the ideal person for the 
ajipointment. He w\as appointed, in addition, Agricultural Chemist to the Govern- 
ment of Bombay. For the next fourteen yc^ars he devoted himself heart and soul 
to the college whose traditions he firmly established. Of these traditions we may 
mention particularly the placing of teaching before everything else, the insistence 
on research by all staff, the develo])mcnt of a research atmosplu're, the accessibility 
of tlie Princiyial to students and staff at all times, the sjdrit of scuvic c inspiring staff 
and students and the spirit of goodwill f)('1ween all iii(‘ml>crs of a cosmopolitan 
college. The careers of its graduates, the continued increase in the numbers of 
applications for admission, and the higli standard of work turned out by its research 
laboratoi’ies indicate how well the work of organizing this institution was done. 

In 19:11, Dr. Mann became Director of Agriculture, the first occasion on which 
this appointment in the Bombay Presidency had ])eeu givtui to any man outside the 
l.C.8. What he had done at the college he r(‘p(*atcd on a greater scah^ in the 
department. The effect of Ids professional know ledge is now here inoi e clearly seen 
than in the acceleration and am]>lilication of the resiuirch activitii s of the depait- 
ment. This is particularly evident in tlie line of ])lant -breeding where staff has 
been imdtiplied and results have bccui obtained in se\ eral cro])S w ithin a coni] )a rat ively 
short space of time. During his period of office tlie d('pai’tnK‘nt; ex])anded again 
and again with a corresponding increase of responsibility an<l w ork for the head of 
that department. During the last two years he organiziai tiu' new research station 
at Sakrand in Sind wffiose purpose is to solve problems associated witli tlu' advimt 
of irrigation w^ater from the Sukkur Barrage. Despite these many and lieaw 
duties. Dr. Mann found time for a great many other activities. He was a ])ro- 
minent member of the Bombay University and servcal on its Senate, its Synd- 
icate and numerous minor bodies. In the Senate he always commanded a ncs' 
pectiul hearing, and in committee wnnk had a valuable and rare faculty ol drafting 
the formula or resolution which would embody the results ol what imglit \ui\v 
seemed a complicated and contradictory discussiou. His rt'crcations to(»k tlic 
form of sociological study and social service. His studies of Dcccan \illagcs arc 
w’ell known. His social service has taken many forms. He has I (a)n associated 
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with the Y. M. C. A., the 1. 0. G. T., the Society for the Prevention of Cruelty 
to Children, and many other similar bodies. He was for a time a member of the 
Poona Municipality. For the depressed classes he had a particularly soft corner in 
his heart. In the villages of the Bombay Deccan he was well known and the 
cultivators regarded him as a real friend. 

The above is a long recital but neither complete nor adequate. The writer, 
whose personal friendship with Dr. Mann dates from 1908 and who has been 
associated with him in many capacities, is well aware that the members of the 
Department of Agriculture in India will fill in from their own personal exp(‘rience 
many of the gaps that must necessarily be left in so condens(Hl a history. To Dr. 
Mann this retirement, it is certain, does not mean the cessation of work, and we 
wish him success in any new sphere which his galvanic personality chooses to 
invade, [W. B.] 



TEA IN NORTH-EAST INDIA. 


BY 

r. H. CARPENTER, E.T.O., F.C.S., 

ChivJ Scientific Officer^ Indian Tea Association . 


Htstortcal. 

Tka 18 prepared from tJie young leaves of the tea plant, Camellia theifera (Griff.) 
Dyer. Linmeus first jniblished in tlie name of the genus as ])otii Camellia and 
Thea, knowing at tliat time only two s|>ec*ies, japoncca and sasanqaa, of the former 
genus and the tea ])Iant as tlie sole representative of the latter. As more related 
species became known, botanists of the nineteenth century gradually l)ecame con- 
vinced tliat tlie ditference between the genera was so small that their separation 
was no longer useful. The united genus is knowm as Camellia. 

Linmrus, in his SjH-cics Plantarnm, 1762. distinguished between two varieties 
of tea, Thca riridis. giving rise to the green tea of commerce, and hohea. giving 
the black tea. With this distinction, the original name, I'hea sen cn sis, was dro])ped. 
It was later showm that, whether tea was black or green, depended on the manu- 
facture and not on the plant and that both could be made from the same leaf. 

Sir George Watt, who made the first detailed study of the botany of the tea 
plant, considered two main varieties to <‘xist, riz.. riridis (large-leaved) and la.sio 
cah/x (small-leaved). From these two, the other varieties were thought to be derived 
by hybridization. Later workers have contesied this conclusion. 

Dr. Cohen Stuart considers that there exists at h'ast two inorjihological groups 
of tea plants, one of which is indigenous to India and one to China, while there is 
no evidence supporting the old idea of any direct genetical or genealogical aflinity 
connecting them. Later, the same botanist distinguished four groups as follows ; — 

(1) The China group, small-leaved (1| to 2| inches long) found in East and 

South-east China and Japan. 

(2) The group, variety macrojdii/lla v. siebold, leaves up to about 51 inches 

long, found in Hupeh, Syechuan, Yunnan. 

(3) The Shan grou]), leaves up to 7 inches long, light coloured. Bushes 

16-32 feet liigh, found in Tonkin, Laos, Upper Siam. Upper Burma 

(Shan States) and jierhaps also Assam. 

(4) The Manipur group, leaves 8-12 inches long, dark coloured. Buslies 

60 feet high, found in Manipur, Cachar, Lushai. 

First mention of tea in India is made in 1780 when a few shrubs im})orted from 
Canton were planted in Calcutta. In 1788, Sir Joseph Banks studied the problem 

( Q ) 
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juk] suggested Bilior and Coocli Beliar as suitable areas for tea cajlture. At this 
time Assam was not included in the British Empire. Although the East India 
(Company were thus acquainted with the fact that tea could bo grown in India, 
no advnnce was made until 183r» when the monopoly of the (Jliina tea trade 
was lost. In the following year a (xnnrnittee went into th(‘, matter and an 
experimental sta-tioii was started on the slopes of tin* Himalayas at Kumaori. The 
se,eds were imported from OJiina and the nudhods of tfiat country were generally 
adopted. 

Soon after these experiments had bcxm started, information came through that 
the tea plant had ])een disc'overed growing luxuriantly in the jungles of Uppiu 
Assam, at that time a country olT tlie l)e.aten track. The lionour of this discovcjy 
is usually attribut(‘d to R. Bruce who saw the. ])lant growing wild on some hills 
near Rungpore (Sibsagar), then tla; (■a])ital of Assam, which lie visited in 1823 to 
prosecute certain botanical res(‘arch<‘s. amongst other matters. At tlu' same tinu^ 
lie had made an arrangenauit with one of the 8ingplios chiefs for a snpjdy of ten 
]>lants. Another story attributes the discovcvry to an Assamese named Moniram 
Dew’an. 

At this ti]ue Assam was ijieluded in the Burmese dominions, and in 1824 tlu^ 
Burmese war broke out and 0. A. Brnee, brotlau’ of R. Bruce, w^as ordered to Sadiya 
in charge of a division of gunboats. On the cnptu.n^ of Rungpore. C*. A. Bruce inter- 
viewed the Singplios chief wdio supplied him wuth tea bushes and seeds whicli were 
mostly jilanted in his (Bruce's) garden at Sadiya. The leaf of these plants w'us 
sent to the Botanical Gardens in Calcutta, but whilst it w^as 2>ronounce(l to belong 
to the Camellia family and wtis thought to be a veritable tea ])lant, it w^as considered 
improbable that the Assam species would yield the tea of commercie. 

So the matter w^as dropped until 1833 when C. Bruce again took up the question 
w ith such vigour that a committee was appointed to journey to Assam and report 
on the tea growing wild there. The report of this committee stated that the tea 
plant as it flourished wuld in Assam had degenerated and that the importation of 
China plants was advisable. 

Accordingly an experimental plantation w as started at Sadiya with seed imported 
from China. The first tea w^as planted on a river sand bank near the Brahmaputra 
and the result was a failuuL Tlie next area was put out, again with China seed, 
at Chabwa \n the Dibrugarh District, because near hero the Assam bush flourished 
wdld. The result was a success. At this time Chinese were imported to work the 
gardens. 

Bruce followed up his earlier discovery and later found tea in many tracts, the 
largest b(}ing at Narnsang in the Naga Hills. Other big tracts were at Tipam and 
Gabru. 

About tlie time Chabwa was ])lanted, other small gardens round Tinsukia were 
also jv fc out. In 1839 Jjakhimpur and Sibsagar became part of the British Empire, 
and, ^ oon after, the Government made over all its tea areas, with the exception of 



TEA IN NORTH-EAST INDIA 


7 


Chabwa which had been sold to a Chiriamaii, to the Assam Company. In 1852 
this company, the first tea, company in India, paid its initial dividimd. From this 
time on, the numbe^r of tea companies increased rapidly. 

Meanwhile in 1855 indigenous tea was found in tlu*. Chanlchani Hills in Sylhet 
and tea was put out in CVudiar and Sylhet, Later on tea was found wild all along 
the Jvbasia and Jaintia Hills, and for some time the presence of indigenous t(ia was 
taken as the sign that the area was suitable for tea growth. The first tea in Cacliar 
was ])ut out in mauza Barsanjan in 185G. on the hill tops which stretched from the 
Barail raiig(i to the. Barak. The tcelas (hillocRs) were next, planted out and in 1875 
the first hhevls (swamps) were drained and ])lautcd. In Syiliet the first garden 
op(uied was Malnicherra in 1857. 

About th<i same time Darjeeling (*mbark(‘d on (he tea venture. By the end of 
1851) tea plants had been cultivated at Tukvar, at the Canning aiid Hope Town 
plantations, on the JVurseong flats and between Kurseong and Paiikliabari. After 
the industry was establislied as a c^ommerciad enterpi-ise in the Darjeeling District, 
aitention was ])aid to the Tmai wlien^ Cham]>ta was put out in 1862. The 
land (‘.ast of the Teesta was soon aftcu* ex])lonul and Gajaklhoba was planted in 
1871, followed later by Phulbari (Leesh River) and Bagrakute. The t(^a area 
spread (uist wards till it ultimately reaelietl the Sankos, the boundary of A.ssain. 
Good yu/ indigenous tea was ])laiiita] in place of the (diina bush with which the western 
Dooars and the T(U‘ai were ])lanted. 

TIh' introduction of tea into Chittagong dates from the year 1840 wlieii some 
China ])]ants from tin; Botanical Gardens. Calcutta, and sonu' ,se(Hls from Assam 
were planted in the pioneer garden in Chittagnng. near wljore the Chib now stands. 
This district is not favoui’(*J with a suitable climate and lias not d('.veloped to any 
great exbmt. 


Organization. 

During the later decades of the nineteenth century many new gardens were 
op(mcd out in Assam and wenj more or less family concerns. Tlie later develop- 
ment has been in tlio direction of limited liability companies, and tlie tea industry 
to-day in North-Fast India is a highly organized one. 

The kmgth of the journey from England to Iiulia made tea agency lioiises a 
necessity in the earlier days, and to-day, with improved methods of communication 
and the sliorteiied journey, the agency system is still in force, for it. coml>ines tlio 
benefits of a steady policy in garden management and co-operation among sellers 
in shipping and marketing their (‘rops. Most agency houses also have theii holdings 
in the concerns they manage. 

The Indian Pea Association, Calcutta, was formed at a meeting of C^alcutta tea 
^g^Rcy firms in 1881, the object and duty of tlie association being to promote the 
common interests of all persons concerned in the cultivation of tea in Indil? 
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The Association starU^d with a membership of companies and estate owners 
repnvsenting a planted area of some 103,000 acres, which had increased at the end 
of 1026 to 523,840 acres. This area represents approximately 88 })er cent, of the 
ar(^a under tea in North-East India. In addition each district has its branch of the 
Asst)ciation which dt^als with problems of local interest. 

The tea industry in North-East India also has an Association for managing its 
labour ailairs and for recruiting labour. As early as 1850 it was realizia] that the 
importation of foreign labour was essential and a Tea Planters’ Association was 
formed for the pur])Ose, among others, of organizing a system of coolie emigra- 
tion from Lower Bengal to Assam. The sudden exf)ansion of the industry created 
a class of contractors who suppliinl labour to the tea gardens which were so rapidly 
being established, and the plant {‘t came in most ('ases to have, no more coTinectioii 
with recruitirH'nt than was inv()lv(‘d in jiaying foj- tin? coolit?. Tlie results were so 
disastrous owing to com[)(*tition between contractors that in 1861 Government 
appointed a committee to (mcpiire into the system under which the emigration of 
labour was conducted. 

As a result of this and other enquiries, various emigration acts were passed and 
finally in 1615 recruitment by contractors was abolished, and at ])resent the only 
legal form of recTuiting is done by garden sirdars working under a licensed locail 
agent. A garden sirdar may be di scribed as an individual (ira])loyed on an estate 
as a lal)ourei‘. Th<‘ ideal is that such sirdars should recruit in their home district, 
preferably in and around their own villages. The duty of the local agent is to look 
after the interests of the garden sirdar. 

In .1892 a ni(‘.(‘ting was called by the Bengal Chamber of Commerce to discuss 
tne loi'ination ot an Association to deal with the question of labour supply to gardens. 
The outcome was the formation of the Tea Districts La))our Supply Association 
which took over tin? smaller Asso(;iations already in existern^e with the exc<q)tion of 
the Assam Labour Association. The 6rst recognition of the formation of th(?se 
Associations was the granting of certain concessions by^ Government in connection 
with th(?ir operations. For instance, the power of local agerds to act without the 
necessity of proflucing recruits before a magistrate was given. 

In 1915 the Assam Labour Board was created to supervise the work of the local 
agents on behalf ol Govmriment. The Board was givam the power to make recom- 
mendations regarding the licensing of local agents. Meanwhile the Assam Ijabour 
Association became amalgamated with the Tea Districts Labour Sup})ly Association 
and in 1917 its denoTnination was altered to the Tea Districts Labour Association. 

The Association is managed by a committee composed of members representing 
London and Calcutta interests and of planters from various tea districts. It is 
estimated that the Association controls recruiting for 95 per cf?nt. of the estates in 
Northern India. 

The Indian Tea Cess Committee was constituted under an Act the object of which 
was to provide for the collection of a fund to be expended for the promotion of the 
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interests of the Indian tea industry. From the year 1893, the Indian Tea Associa- 
tion had been collecting a voluntary assessment for expenditure on the develop- 
ment of foreign markets for Indian tea. There were, however, objectiorivS to raising 
money by this syshmi, and the Association resolved, if possil)le, to make the levy 
a compulsory cess. The memorial presented to the Viceroy, praying for the imposi- 
tion of a cess, was signed on behalf of ])r()j)rietors and c!om])anies r(‘. presenting rather 
more than 80 per cent, of the tea anai under tea cultivation in North-East India. 

The Indian Tea Cess Committee is comfosed of twenty imunbers re])resenting 
the tea growers and the general commercial community. 

The cess was levied at the rati* of \ pie ])er lb, of tea exported (just over 2 annas 
j)(‘r 100 lb.), and it remained at tliis rate till 1921-22 when at the instance oi the 
industry it was raised to 4 annas ])er 100 lb. In 1923-21 the Ac t was amended, 
again at the instance of th(^ industry, so as to enable tlie cess to be levied at the 
maximum rate of 8 annas })er 100 lb. tea exported. The maximum rate has not 
been imposed so far, but in 1923-24 the levy was increased to 0 annas per 100 lb. 
of tea (iX])orted. 

The cess is collected by the Customs Def)artm(mt and the ])roccods are made 
over to th(' Cess (\)mmittoe. An idea of the aitiount collected is given in the table 
below which shows the amount in the first year of the 1(‘ vying of tlie cess and in 
various other years. 


]!.)0:ni004 at 2 as. p^r 1(K) lb. 

2 „ „ 

1021-1922 „ 4 

192:1-1024 „ t> 

1925-1920 0 „ „ 


Rs. 

2,ti0,894 
3,75,0 It) 
7, 44, .334 
12,00,123 
12,28,520 


At the time when the cess was ijastituted the Committee dtheriuined to concimtrate 
their efforts largely on the United States of America. Tlu^ work could not be carried 
on during the war, but in 1923 it was again taken uj) with vigour. 

In continental Europe work started in 1905 in a small way in Ihdgiiim and 
Germany. Tlie scheme steadily advanced till the outbreak of the war in 1914. 
Apart from gifts of tea to French and American troops little was done on tlie 
continent till 1925 when work began in France. 

In the United Kingdom the Committee carried on an advertising sclunne to 
counter the propaganda in favour of (ffiina t(ui. In the earli(u* years of tlu' cess, 
contributions were made to a League formed with tlie object of bringing about a. 
reduction in the duty on tea in the United Kingdom. Indian tea has also been 
represented at various exhibitions. 

During the war, work was started in India on a large scale. No direct trading 
was undertaken by the Committee but funds were spent in encouraging tlie sale 
of tea by private enterprise. More than 40.000 bazaar shop keepers have been 
influenced to take up the sale of tea, According to statistics the sa le of tea in India 
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and Burma averaged approximately 18 million lb. annually for the quinquennium 
before the start of the propaganda work in India. During the year ended 31st 
March, 1926, the estimated quantity of tea available for consumption in India and 
Burma was over 60 million lb. 

The Indian Tea Association has a well staffed and well equipped Scientific Depart- 
ment for investigating the various problems connected with tea culture and manu- 
facture. The department was first started in a small way in 1900 following on a 
resolution passed at the annual general meeting of the Association in 1899. Im- 
mediately after that meeting the opinions of the branches of the Association were 
sought regarding the appointment of a scientist. The preponderance of opinion 
was distinctly in favour of the appointment of an Agricultural Chemist, and Mr. 
Harold H. Mann, B.Sc. (now D.Sc.), F. I.C., was selected in London and engaged on 
a three years’ agreement. The initial estimated expenditure of this appointment 
was reckoned at Rs. 1,500 monthly, which had to be met from the surplus funds of 
the Association, augmented by grants from the Government of Bengal and the 
then Administration of Assam, and from additional contributions from the different 
branches of the Association. The initial sanction for laboratory equipment was 
£200. The laboratory work was inaugurated in conjunction with the laboratory 
accommodation in the Economic Court of the Indian Museum, Calcutta, where 
laboratory accommodation is still enjoyed by this Association. 

From these small beginnings the Scientific Department has developed into an 
institution employing a European qualified staff recruited from Home, consisting 
of a Chief Scientific Officer, throe Chemists, an Entomologist, a Mycologist and a 
Bacteriologist, together with Indian qualified assistants and others. 

In 1926 the estimated expenditure of the department was Rs. 2,33,726 which 
is met by the money collected in subscriptions on an acreage basis from all tea 
companies in the membership of the Association. 

Details concerning the work of the department are given later. 

Communications. 

It is no exaggeration to say that the development of Assam and the Dooars is 
wholly due to the tea industry. Communications have always presented a diffi- 
culty partly on account of unbridgeable rivers and partly because the tea areas aj-e 
thinly populated. 

Dibrugarh, the premier tea district, is 830 miles by railway from Calcutta, the 
business headquarters of the industry. The Terai, the district nearest Calcutta, 
is 340 miles from that centre. The main traffic artery of Assam was, until the 
beginning of the present century, the Brahmaputra, and a service of paddle steamers 
plies between Calcutta and Dibrugarh, a distance of about 1,000 miles which is 
covered in a fortnight. The outlet for districts on the north bank of the river is 
still bj^ steamer as far as (^lauhati (Pandu), 
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In the Surma Valley, the Barak river was the main outlet before the railway was 
opened, and much t»ea is still brought by country boats to this river where it is 
transhipped to steamers. 

The first railways in Assam w^ere the Jorhat Provincial Railway, 2 ft. gauge, and 
the Dibru-Sadiya Railway, metre gauge, both built with the object of connecting tea 
districts with the Brahmaputra. The importance of the big river as a means of 
communication began to wane when the Assam Bengal Railway, metre gauge, was 
constructed from Chittagong to Tinsukia where it joined the Dibru-Sadiya Railway. 
This railway was built largely for strategic purposes and crossed the Barail range of 
hills from Cachar mto the Assam Valley at Lumding. This outlet was an expensive 
one, for the railway crossed tlie hills at tlie geological fault between the Naga 
Hills and the Jaintia Hills with the result that land slips were common and 
through traffic was often suspended. 

In the meantime the line from Lumding to Gauhati had been constructed and 
an alternative route to Calcutta w\as by railway to Gauhati and then by river steamer 
to Dhubri, where the Eastern Bengal Railway was joined. The last link in the 
chain of commimication between Calcutta and Assam was made when the line from 
Lalmanirhat to Amingaoii, opposite Gauhati, was opened. During the last few 
years several important branch lines have been constructed in Assam. 

The Dooars is served by the metre-gauge Bengal Dooars Railway which joins 
the Eastern Bengal at Lalmanirhat. where the line from Assam to Calcutta is joined. 
This line continues to Santahar where it joins the broad gauge line from Siliguri. 
Tea must be transhipped at Santahar. An alternative exit for tea from the Dooars 
is via Dhubri on the Brahmaputra where the tea is transhipped to the river steamer 
and taken direct to Calcutta. 

The Surma Valley is in direct railway communication with Chittagong. To 
get to Calcutta it is necessary to change at Chandpur and go by steamer to Goalundo 
whence the broad gauge section of the Eastern Bengal nms to Calcutta. 

With the advent of motor traffic the need for good roads has become apparent, 
since most gardens employ motor lorries and motor cars are used extensively by 
the planting community. The Assam Valley is particularly unlortunate so far as 
roads are concerned because very little suitable metal is available on the south 
bank, where most of the tea gardens are situated. The roads are accordingly of 
earth and are thick either in dust or mud according to the season. Many places 
are isolated in the rains except for bullock cart traffic. 

In the Surma Valley some of the roads are better partly because laterite from the 
tedas is available and partly because much of the traffic is down the small rivers, 
thus reducing the cart traffic on the roads. 

In the Dooars, road metal is plentiful and the roads are numerous and good all 
the year round. The trouble here is the rivers which cut the district transversely 
an4 are difficult or expensive to bridge. 
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So far as communications are concerned, both by road and railway, the Terai 
is the most favoured tea district in North-East India. The railway centre is Siliguri 
whence the broad gauge runs direct to Calcutta. 

Darjeeling suffers the inconveniences of transport w'hich are unavoidable in a 
hilly district. In many cases the main trouble is to get the tea to the Darjeeling 
Himalayan Railway, a 2 ft. gauge line, which runs from Darjeeling at a height of 
about 7,000 feet to Siliguri in the plains where it joins the broad gauge to Calcutta, 

Statistics. 

Practically all the black tea consumed comes from India, Ceylon, Java and China. 
Japan produces green tea which is unfermented and Formosa a distinctive tea, 
partly fermented, known as Oolong. China produces both green and black tea. 
No definite figures regarding the acreage under tea in China are available. The 
table below shows the approximate acreage under tea in the principal exporting 


countries. 

Acres 

India 716,000 

Ceylon 403,000 

Java and Sumatra 250,000 


The tea areas in the Dutch Indies are rapidly expanding, whilst the Ceylon 
acreage is almost stationary although about another 20,000 acres are available 
for tea. The Indian acreage is increasing steadily. 

The tea area in India is made up as follows : — 


Acres 

Assam 412,859 

Bengal 181,833 

Bihar and Orissa 2,099 

United Provinces 6,119 

Punjab 9,709 

Madras 48,647 

Tripura (Bengal) 4,793 

Travancore , 50,166 

Total . 716,225 


The area in Assam and Bengal constitutes what is spoken of as tea in North- 
East India. The small areas in Bihar and Orissa, the United Provinces and the 
Punjab are not organized as is the main area. The Travancore and Madras areas 
make up what is known as South India so far as tea is concerned. 

The acreage in North-East India is made up as shown below. Cachar and Sylhet 
are known collectively as the Surma Valley. The Brahmaputra Valley is that area 
of Assam east of Gauhati and is often spoken of as the Assam Valley. The district 
called the Dooars is oificially known as Jalpaiguri and is situated at the foot of the 
Pimala^as between the Tees^ and the Sankos rjyers. Darjeeling includes th^ 
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Terai where about 20,000 acres are under tea. The Darjeeling District is the only 
elevated tea area in North-East India, tea being planted up to heights above 6,000 
feet, although the general altitude is 3,000 to 4,000 feet. 



Acreage 

No. of gardens 

Brahmaputra Valley ......... 

268,105 

586 

Cachar ........... 

67,766 

166 

Sylhet ........... 


166 

Booars ........... 

117,676 

132 

Darjeeling and Terai ...... . . 

58.747 

166 

Chittagong . . 

6,610 

29 

Total 

594,692 

1,233 


The total area in occupation by tea planters is 2,000,133 acres, much of the land 
given in grant being used for rice cultivation by the coolies on the garden and smaller 
areas being given over to grazing and to forest grown mainly for fuel. In some dis- 
tricts practically the whole of the area under grant is opened out in tea, and here 
there is usually a difficulty in keeping coolies who regard a piece of land for rice 
cultivation as essential. 

The growth of the area under tea is shown in the table below which gives the 
areas in Assam and Bengal. 


Year 

Assam 

Acres 

l^ngal 

Acres 

Average 1885-1889 

211,301 

73,169 

„ 1900-1904 

338,250 

136,153 

1914 

376,375 

159,304 

1924 

412,859 

181,833 


The total production of tea in North-East India has increased at a greater rate 
than has the acreage because the output per acre has shown a steady general increase. 


Year 

Assam 

Bengal 

Average 1886-1889 
„ 1900-1904 . 

1914 . 

1924 , 

. 

. 

lb. 

66,677,373 

141,105,749 

208,552,307 

237,153,110 

lb. 

19,370,597 

48,707,794 

76,373,201 

87,121,205 


The total tea thus produced in North-East India in 1924 was 324,274,316 lb., 
of which 1,178, 744 lb. was green tea. The average production over the past ten years 
is 327 million lb., touching 360 million lb. in 1917 and falling to 242 million lb. in 
1921, the slump year* 
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The tea is exported from Calcutta and Chittagong. In 1924-25 Calcutta dealt 
with 220,090,121 lb. and Chittagong with 79,656,694 lb. The difference between 
production and shipments is a measiire of the amount of tea consumed within India. 

That India is well maintaining her position in the tea world is shown by the table 
below. The figures illustrate the enormous increase in Indian export (these figures 
refer to all India) and the smaller, but still great, increase in Ceylon exports. Java, 
which only seriously entered the market in about 1900, has shown the greatest per- 
centage increase, whilst China has shown a serious falling off. The figures in brackets 
show percentage changes. 


Year 

India 

Coy Ion 

China 

Java 

1896-97 . 

lb. 

150,421,245 (100) 

lb. 

110,095,194 (100) 

lb. 

240,106,266(100) 

lb. 

1905-06 . 

216,770,366(144) 

171,256,703 (156) 

162,936,800 (76) 

26,650,166(100) 

1915-16 . 

192,593,938 (194) 

208,090,279 (189) 

205,620,633 (86) 


1924-25 . 

348,476,011 (232) 

204,931,217 (186) 

102,124,666 (42) 

106,113,200 (410) 


The figures for China include black, green, brick and tablet tea and dust. 

A study of the yield of tea per acre in both Assam and Bengal is instructive in 
that it illustrates the steady increase up till the end of 1919, followed by a drop. 
This is due to the post war slump when accumulated stocks of tea in England reduced 
the price of the current stocks of tea below’ the cost of production. After the slump 
the tea was in a poor state owing partly to the stoppage of manuring during the 
war years and lack of cultivation during the lean years following. The smaller 
irregularities in crop due to seasonal variation and pests and blights are masked by 
taking the five-year average. 


Period 

Attsam 

Bengal 

1885-89 

lb. x)er aero 
310 

lb. per acre 
265 

1890-94 

358 

292 

1895-99 

361 

330 

1900-04 

410 

361 

1905-09 

477 

425 

1910-14 

531 

468 

1915-19 

614 

554 

1920-24 

527 

423 
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The averages suppress the yields from various districts of course. In 1924 the 
iverage yield in Assam was 676 lb. per acre and in Bengal 479 lb. per acre. The 
ihief districts gave the following yields in that year. 


lb. 

per Hon? 

Lakhimpur (Dibrugarli) 752 

Sibsagar 514 

Darrang 570 

Jalpaiguri (jDooars) . . . . . . . ... . 588 

Darjeeling ............ 


b]ach district produces tea of sonic peculiar merit. Darjeeling teas sell largely 
on their flavour. Assam teas are valued for pungency and, at some periods of the 
year, for appearance. Dooars teas sell for strength and in the autumn for flavour. 
Cachar and Sylhet teas are generally inferior to those from other districts. 

The average price of teas from the various districts sold in London in 1925 
was as follows : — 

Average pnee 


per ib. 

Assam ............ 17*93rf. 

Cachar and Sjlbct .......... 14-52d. 

Darjeeling ............ I9 02(Z. 

Dooars ............ KMU/. 


The tendency during the past few years has l)een for the prices of teas from the 
poorer districts like the Dooars and Cachar and Sylhet to approach those of Assam. 

{To he continued,) 



THE ECONOMIC HOLDING OR THE FAMlLM FARM. 


BY 

M. L. DARLING, B.A., I.C.S., 

Registrar, Co-operative Societies, Punjab. 

{Concluded fr,m Vol. XXII, Pi. VI.) 

France. 

In the first part of this article an attempt was made to guage how much land 
was required in Italy to give a family enough to live on and enough to do, and 
it was seen that it depended largely upon the system of farming, and that while 
the market-gardener could live on two or three acres, the arable farmer might 
require fifty or even a hundred. Now let us see how much is needed in 
France. This we are able to do, thanks to an official enquiry made in 1908-09 
when every department or district submitted a report in the form of a monograph 
on its agricultural conditions.' These show that at least 48 districts have areas 
wholly, or almo.st wholly, given up to cereals. In only four is the dividing line 
between the peasant and the medium proprietor put at loss than 25 acres— Haute- 
Savoie (20 acres), Loire Inferieiure (12|), Pyrenees Basses (12|) and Haute Saone 
(15). And it is significant that in the first two, as in Modena, dairying is of im- 
portance, while in the third emigration is a factor, and in the fourth the small pro- 
prietor does no more than live.** In 29 districts, the line of division is drawn at 
over 25 acres ; in 15, it is as high as 50, and in Oise, which recalls the Italian 
Marche^ and the Maremma, it runs up to 126.® 

In forty districts, there are areas devoted entirely, or almost entirely, to ‘petite 
culture.’* In eighteen the lino for this class of cultivation is drawn at less than five 
acres, and in only one at over 12| acres. Round Paris, as around Naples, less 
than 2| acres can support a family. In this area, before the war, there were twelve 
to thirteen hundred market-gardeners with holdings of slightly less than 2 acres 
each. They maintained themselves and their families by getting six or seven crops 
a year out of their land, and by their industry and constant manuring they have 
raised its value tenfold. In Vaucluse, which is described as Te departement pri- 
viligi6 de la petite culture,’ the cultivation of asparagus and the strawberry raised 
it before the war from 20 to 2,400 francs an acre. This has not been done by labour 
only, but by labour in combination with glass frames, forcing houses, heating 
apparatus and pipes.® 

^ La Petite Propriiii Jlmah en France^ 1909. 

^Ibid, p. 210. 
a Ibid, p. 175. 

^lbid,p.m. 

^ Ibid, pe 2^2. 
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Speaking generally, the different reports suggest that for cereals 25 to 50 acres 
are needed, for ^ petite culture ’ 2 ^ to 12J acres, and for a mixtui*e of both 12| 
to 25 according to the proportions of the mixture. The correspondence between 
these figures and the Italian is remarkable. The following points must, however, 
be noted. 

Firstly, cereals are nearly always combined with stock-breeding or dairying, 
or with both ; and in addition there is the produce of the poultry yard, the garden 
and the orchard, and there may be a plot of tobacco as well. Pigs, too, are general- 
ly kept and sometimes sheep and goats ; and occasionally carting is done or cider 
made. The more these different elements aie combined and the more science is 
applied, the nearer the limit can be to ten acres. Where the peasant is described 
as doing well on less than 25 acres he is usually said to use artificial fertibzers, im- 
proved implements like harrows and hoes, and even a machine or two, such as a 
small reaper or thresher. And where the small holder is able to hold his own with 
the large in cereals areas, he owes it to the help derived from his poultry-yard, dairy, 
pigs and stock. 

Secondly, as in Italy, market-gardening nearly always seems to be due to the 
neighbourhood of a town or factory or to some special climatic advantage com- 
bined with first-rate transport facilities. The bulk of the market-gardener’s produce 
has naturally to be sold, and as it perishes quickly it has to be sold at once^ If, 
therefore, there is no market in the neighbourhood, it must be possible to reach 
other markets quickly. First and foremost, there must be roads, and it may be 
said that without good roads there can be no market-gardening away from a town. 
And, if distant towns are to be readied, there must also be good railways. In 
Franco, cabbages, peas, onions and artichokes are sent in masses from Brittany 
to England, Switzerland and Belgium ; and flowers are grown in the Riviera to 
adorn the tables of London and Paris, to such effect that before the war an acre 
of land produced from £100 to £130 a year and yielded a net profit of from £16 to 
£ 32.1 

In Italy the proprietor clings to his holding at all costs, but the 87 monographs 
of the French enquiry suggest that the French peasant is not prepared to accept 
the low standard of living involved in a very small holding or to live on it at the 
price of running into debt. He either limits his family or buys more land, or if 
he cannot buy, takes it on lease in the hojie of being able to purchase it later. Or, 
if this again is beyond him, he goes out as a labourer. If the worst comes to the 
worst, rather than live a miserable life upon the land, he sells it and migrates to 
the town or goes abroad.^ The advantage of this rural exodus is that it enables 
those who remain to enlarge their holdings, and this is why in France, but not in 
Italy, such holdings have increased in area rather than number.^ 


^ Ibid, p. 20 ; and LaribtS, L* Evolution de la France Agricole, 1912, pp. 71*4 
■ Ibid, p. 27fi. 

• Ibid, p. 68. 

D 
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Belgimou 

From France it is but a step to Belgium, and it is a step worth taking for the 
purpose of this study, as Belgium is essentially a country of small holdings — 61 
per cent, are of ten acres or less ^ — and it is as highly organized as any country in 
the world. Organization has been forced upon it by the density of its population 
(666 per square mile), which is greater than that of any other country in Europe.^ 
Cultivation is even more intensive than in Denmark, and credit and co-operation 
almost as strongly developed.^ Cereals form the basis of cultivation, and wheat, 
barley, oats and rye alternate with roots and fodder crops.'* Sugar-beet and flax 
are also of great importance, while the area under potatoes is nearly 10 per cent, 
of the whole. Fertility is maintained by the abundant use of manure— before the 
war more artificial manure was used per acre than in any other country in the world^ 
— and by the application of scientific rotations ; and so successful is this, that two 
crops a year are frequently obtained® and the average yield of wheat is 38 bushels 
an acre against 14 in the Punjab.’^ The growing of crops is supplemented by the 
breeding and fattening of live stock. No other country carries so many cattle to 
the acre,® and the same applies to pigs, which everyone keeps.® Poultry, too, 
are universal, and horses as well as cattle are fattened in thousands.^® To illus- 
trate the variety of stock maintained, a farm of 27 acres (the size of a ‘ square ’ in 
Lyallpur) is quoted as maintaining a mare, 4 milch cows, 3 heifers, 3 calves, 3 
pigs, 3 sows, 10 piglets, 40 hens and 20 rabbits — total value Rs. 2,800. The pea- 
sant labours all day to make both ends meet and is greatly assisted by wife and 
daughters. These look after the poultry, the pigs, the kitchen garden and the 
dairy, feed the calves, and dig the potatoes, weed, hoe and help in the hay-making, 
at harvest time tie the corn into sheaves and build up the stooks, and sometimes 
even spread the manure on the fields and lift the turnips.^^ Dairymaking, apicul- 
ture, distilling and brewing are common and provide a useful resource for those who 
cannot find enough to do at home. In Flanders, there is a brewery in nearly every 
village of importance, and sprinkled over the country are factories for the manu- 
facture of fertilizers, for making chicory for coffee and for extracting syrups from 
pears, apples and beetroot. 

Yet, in spite of all these advantages of resource, effort and organization, a 
farmer and his family cannot support life on less than ten acres — in two districts, 


^ Max Rasquin, U Agriculture Beige, 1920, p. 6. 

*0/. England and Wales, 649 ; Punjab, 183 (Census oj Mia, 1921, XV, 2). 

^ Cmd 2145^ Mr. D. H. Moogregor’s report, paragraph 162. 

^ In 1908, 1*76 million acres Were under cereals, and 2*40 million under roots, fodder and legamin* 
ouB crops (Notice Bur UBconomie Rurale de U Agriculture, 1910, p. 13). 

^ Rowntrec, Land and Labour, 1910, p. 223-24. 

• Ibid, p. 179, 

* For Belgium see Manchester Guardian Commercial, 17th August 1919, and for the Punjab, 
Roberts and Faulkner, A Text^book of Punjab Agriculture, 1921, p. 6. 

^ M. Rasquin, op, ciU, p. 14. 

»Rowntree, op. cit, p. 181. 

66,000 cattle wei’c fattened and 35,000 horses exported (M. Rasquini op. cit,, p, 15). 
/ofa, p. 201. 



THE KODNOMlO HOLDlHQ OR THE FAMILY FARM 


19 


Campine and Polders, where vegetables are widely grown, the minimum is — 
and over most of the country ten to twenty are required to give a family of five or 
six enough to live on and enough to do. In Condroz and the Ardennes, fifty acres 
are said to be necessary for comfortable living, but in the one cultivation is entire- 
ly arable and in the other the land is mostly forest and pasture. These figures agree 
strikingly with those for Italy and France, and they are of special interest, as they 
are based upon the type of cultivation which, with no doubt a wide difference of 
degree, prevails in the Punjab. If we substitute sugarcane, cotton and maize 
for sugar-beet, oats and rye, there is no great difference in crops, but a difference 
of heaven and earth in cultivation and system of farming.^ 

Ibiportance ok live stock. 

On the first point, all that it is necessary to say is that before the war million 
tons of manure per annum were put into less than 4| million acres.^ As to the 
system of farming, the most marked point of contrast is the part played by live 
stock. We have already had occasion to refer to the importance of this in the case 
of France, where, in cereals areas, the peasant ‘ pays his way with his crops and 
makes his profit out of his cattle.’^ In greater or less degree, this appears to bo 
the case throughout northern and central Europe, wlierever market-gardening or 
the growing of some 8|)ecialized crop like xho vine is impossible. This is clearly 
brought out by some recently published figures for Denmark, Norway, Sweden 
and Switzerland, which show, in the case of farms, the juoportion contributed 
to total income in 1922-23 by crops and live stock. The farms are classified in tlin'.e 
groups a(M;(>rding to their size, but figures will only be given for tlie 225 farms of 
25 acres or less, as this is the class with which we are mainly concerned. The Nor- 
wegian figures will also be omitted, as there are only six farms in the group. The 
others are as follows^ : — 



Number of farms 
under 25 aCTv^ 

I'EKCEJsTACK OF TilK 
TOTAL GXIOS.S lEt'OME 

DLKIVKl) FLOM 



C'lOJ)S 

Live stoulv 

Denmark ........ 

45 

7 

88 

{Sweden i 

20 

9 

84 

Switzerland * 

158 

JO 

00 


authority for most of tho facts givou abovo (except where otherwise slated) is the series of 
eight monographs, one for each district, published by tho Bclgiuni Ministry of Agriculluio from 1891) 


op. cit., pp. 223-4, 

Peasant, op. dt., 2nd Edition, p. 291. 

Thomas, The Boo nomica of Small Holdings, 1927, pp . 1 08- 1 1 . 
The size of the Swiss farms is 12^ to 25 acres. 
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In none of these countries do the crops contribute more than ten per cent, of the 
total income, and in all three live stock contributes 60 per cent, or more. How 
this is made up is shown in the following table : — 






Cattle 

Dairy produce 
(included in 
cattle) 

Pigs 

Miscellaneous 
(horses, sheep, 
poultry, etc.) 

Denmark 

, , 

. 

, 

44 

30 

33 

11 

Sweden . 

. 



49 

37 

29 

15 

Switzerland 

• 

• 

• 

48 

31 

8 

4 


In each case, nearly half the total income is derived from cattle. These are 
described as the ‘ sheet anchor ’ of the small holder. The anchorage is the dairy, 
which is responsible for about one-third of the total income. A noticeable point 
is that in all three countries the milk industry is organized almost entirely upon 
Oo-operative lines. After cattle come pigs, an item that for religious reasons 
Would rarely figure in a Punjab peasant's account. Their great importance in Den- 
mark is due to the fact that with dairy cattle they are the basis of Danish farming. 
This explains the very high percentage for Denmark in the first table. A minor 
point, but not without interest, is that in all three countries increasing importance 
is attached to the culture of bees.''^ 

Summary — Italy, France and Belgium. 

The amount of land that is required to support a family in modest comfort and 
give it enough to do has now been considered in three different countries, the first 
in southern, the second in central, and the third in northern Europe. Broadly, 
we find that in all three the market-gardener can live upon two or three acres, and 
even upon less when conditions are particularly favourable. And in a temperate 
climate, where nature is kindly and needs simple, the grower of the vine and the 
olive, the orange and the lemon, the potato and tobacco, can live on four or five. 
Where these are combined with cereals in more or less equal proportions, he will 
require from five to ten. But where cereals preponderate, the peasant needs from 
ten to twenty. These figures all postulate highly intensive farming, that is to say, 
cultivation based upon scientific rotations and a sufficient supply of manure and 
water. In the case of arable farms, they further postulate the breeding and fatten- 
ing of different varieties of stock. Where these conditions are absent and farming 
is more or less primitive, or where it is based mainly upon pasture, from 25 to 50 
acres, and occasionally more, are required to support any reasonable standard of 
living. 


13 , 

Ubid,y. 114 , 
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Other European Gauntries* 

That these figures are generally typical of Europe is suggested by the informa* 
tion obtained for other countries. When I was in Germany, I found that in the 
thickly populated and highly industrialized valley of the Rhine the market-gardener, 
like his fellow round Naples and Paris, can maintain himself and his fanaily on less 
than two acres.^ At the gates of a w^estern German town, says Wygodzinsky, 
five acres will support a family handsomely.^ Wliere cereals predominate, ten 
or twelve acres are required. In southern Germany, which is much less industria- 
lized, a family can just maintain itself on 12| acres, but only if the land is fertile, 
the farming good and live stock is bred. Two and a half acres will be under wheat, 
2J under hay, a little perhaps under tobacco, and there will also be fruit trees and 
poultry.^ But though this is possible, 12| to 25 acres are usually required in the 
south, 25 to 37| in the centre and 37^ to 50 in the north.* 

In Holland, we are reminded of Belgium. There, as in Campine and P6lders, 
with good land and the help of cattle, poultry and pigs, the arable farmer can 
manage on 7| acres, and on 12| he can save. But this, my informant stated,® 
was due to the free use of manure and a highly developed system of co-operation, 
which secured to the farmer the maximum price for his produce. In Denmark, 
where farming is based upon cattle and pigs, a law of 1925 enacts that land shall 
not be alienated unless enough remains to support a family. The limits are 17J 
acres for good land and 35 for bad.® To us in India these limits seem high, but 
enquiry into the conditions of over 500 farms in 1922-23, a very good year, showed 
that the owner of an average farm of 14| acres earned only £1 more than a hired 
labourer,’ 

In England, owing to a very high standard of living, limits are highest of all. 
In the richest part of the country, the Isle of Axholme, ‘ ten acres is the smallest 
area on which a man can support a family without any other industry to help him,'® 
and where there is no live stock industry or market-gardening, twenty are needed.® 
Of Oxfordshire it is said that, apart from market-gardening and expert poultry- 
keeping, ‘there is no system of cultivating land which will yield a family an adequate 
maintenance from less than thirty acres and of Yorkshire, that no one should 


^ Some Asyecla of Co-operalion in Germany^ Italy and Ireland^ 1922, p. 22, by the author. 

* Agrarwef^en und Agrarpoliiifr, 1920, I, 43. 

® Information given mo by a German expert at the International Institute of Agriculture, Rome. 

* Wygodzinsky, op. ctf., I, 44. Of, the following from Cmd 2145 (paragraph 81 of Mr. I). H. Mac- 
gregor’s report) “Even less than 6 acres in market-gardening districts may afford a comfortable 
subsistence to a hard-working family, and much more than 50 in other districts may be inadequate. 
But it is generally agreed in Germany that the 5 to 50 acre group of holdings does, on the whole, re- 
present pretty nearly the type of properties which are big enough and not too big * to occupy and main- 
tain a famil 3 \’ “ 

* The Dutch Delegate at the International Institute of Agriculture. 

• The Punjab Peanant^ op, ci7,, 2nd Edition, p. 290. 

’ Thomas, op, ci<., p. 125. 

• H. W. R. Curtler, A Short History of English Agriculture, 1909, p. 318, 

® A. W. Ashby in The Economic Journal, March 1917. 

A, W. Ashby, Allotments and Small Holdings in Oxfordshire, 1917, p. 117, 
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be given a holding of less than 36 acres or even fifty. ^ In Wales, where the small 
holder still flourishes, it was recently found in Camarthenshire that of those who 
had fifty acres or less and who were ‘ entirely occupied on their land and getting 
full sustenance therefrom,’ only per cent, were able to do so on ten acres or less, 
and most of them were market-gardeners or poultry farmers. Another twelve per 
cent, had ten to twenty acres, and 62| per cent, thirty to fifty.^ But conditions 
in the United Kingdom are peculiar and have little affinity with those prevailing 
in India. For this, we must go to the other side of Europe — for instance, to Ron- 
mania and Poland. In Roumania, in districts of mixed farming, the limit of smal) 
holdings is put at twenty-five acres, and where cultivation is ‘ extensive,’ at fifty.^ 
In Russian Poland it would appear from St. Reymont’s remarkable novel, The 
Peasants, that the peasant proprietor can live on six or seven acres. “ Mercy on 
us ”! exclaims Boryna, when asked to settle six acres on his bride, ** Six acres ! 
It is a whole farm But in this village, fruit, vegetables, poultry and pigs are 
combined with cereals. How common this is in Europe and how important to the 
well-being of the peasant, is one of the main points emerging from this study, and 
it is a point in sharj) contrast to conditions in India. 


The Punjab. 

M A RKKT-O AR D ENING . 

To these conditions we must now turn our attention, for this study would not 
be complete if we did not make some attempt to ascertain how much laud is requir- 
ed to support a family of four or five in India. In considering this most vital question 
I propose to confine myself to the Punjab, as it is the province I know best and a 
wider enquiry would take us too far afield. Even with this limitation, the question 
can only be answered in the most general terms, as there is very little material on 
which to base an opinion. Over sixty tehsil assessment reports, covering a j)eriod 
of twenty years (1907-26), have been searched for information, but only five con- 
sider the question at all.^ I have, therefore, had to rely to a large extent upon 
general enquiries made from settlement officers and others in close touch with agri- 
cultural conditions. Let us take the market-gardener first. He is generally an 
Arain or Saini, except in the North where, as likely as not, he is a Maliar. The 
Arain is seen at his best round Amritsar, Sialkot and Jullnndur, and the Maliar on 


^ I nUtnaiional Review of Agricultural Economics, March 1927, p. 157. 

® Thomas, op, cii., pp. 20-7. 

« I. L. Evans, The Agrarian Revolution in Roumania, 1924, pp. 150-51. 

* Vol. I {Autumn), p. 221 : sec also Vol. IV, p. 1 10 where another character says : — * 8ix whole acres! 
’Tie all but a farm by itself ! ’ 

^ Nawashalir, 1916. 

Ambala, 1918. 

Kot Ada, 1924. 

TaJlagang, 1925. 

Attook, 1925, 
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the banks of the Indus in the fertile strip of country known as the'Chhachh.^ In 
the intensivenesB of its cultivation, the Clibachh recalls the country round the Bay 
of Naples, where, as we have seen, the market-gardener can live on I J to 2| acres. 
In the Chhachh, he can live on one to 1| acres, and many live on less. A family 
consisting of an old man, a grown-up son, two women, tliree small children, a 
buffalo and a donkey were recently discovered living on less than half an acre. 
The old man, who was only an occupancy tenant (fortunately at a low rentf), did 
most of the tillage using the buffalo for the well and the plough, while his son used 
the donkey for carrying the vegetables to Oampbellpur and Eawalpindi, the latter 
thirty or forty miles away. In another village, a Maliar was foimd supporting his 
wife and four small children on three-quarters of an acre, though half of every thing 
produced, vegetables, maize and tobacco, had to be given to the landlord.'^ Both 
cases are only possible because snuff-tobacco, a most valuable crop, is grown and 
irrigation is by well. In the Peshawar District, where snuff- tobacco is also grown 
but irrigation is by canal, more land is needed, as less water can be obtained from 
a canal than a well, and it cannot always be obtained when it is wanted. Round 
the larger towns in the central Punjab, where irrigation is mainly by well but snuff- 
tobacco is unknown, two acres arc normally required, though the Arain round 
Sialkot can manage on one. It may be said, therefore, that in the Punjab, the 
market-gardener can live on one or two acres and prosper on three. In this, there 
is no marked difference between the Punjab and the West. The main difference 
lies in the fact that in the West the market-gardener plays a much more important 
part. In Belgium, for example, over two j)cr cent, of the cultivated area is devoted 
to garden produce against less than one per cent, in the Punjab, and in addition 
nearly ten per cent, is under potatoes.^ 

Arable farming. 

Coming to arable farming, we must distinguish two types : firstly, the more 
or less intensive type based upon holdings of a few^ acres and upon an assured water 
supply derived from canal or well ; and secondly, the extensive type based upon 
somewhat larger holdings and a more or less capricious rainfall. The latter closely 
resembles the type which still prevails over a large part of southern Italy and Sicily, 
where the raintall is uncertain and cultivation primitive. A good example of it 


* For a description of this tract, see The Punjab Peamnt^ op c;'/., 2iid Edition, p. 81). 

^ Attack A snesament Report, 1925, p. 19. 

®In the Punjab, the averap© area under orchards and garden produce for the three years ending 
1925-26 was 288,883 acres [Season and Crop Reports), This includes 47,442 acres in Mianwali, 40,000 
acres of which was given up to the extensive cultivation of the melon. In Belgium, the cultivated 
area in 1895 was 4*7 million acres (Rowntree, Land and Labour, 1910, p. 170) and in the same year 
the area devoted to garden produce and potatoes was 104,670 and 461,727 acres, respectively [Notice 
sur L^ Economic Rvrak, 1910, p. 12), In Italy, before the war, the area under vegetables alone was 
525,000 acres (V Italia Agricola, 1920, 11, 183) out of a total cultivated area which in 1924 was 82 
million aoros (JnitfnaiionpX Yearbook of Agricultural Statistics, 1924, p. 50) : c/. 30 miJliop for the Pun- 
jab. 
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in the Punjab is the Tallagang tehsil in the north with an average rainfall of 21 inches. 
In this area, it is estimated that a family of four can just live on fourteen acres, 
but only if a certain amount of live stock — cattle, camels or goats — are bred for 
the market.^ In the Ambala tehsil, which has a rainfall of 32 inches, it was found 
that a man could with difficulty support a wife, five children, and three depend- 
ents on 25 acres. 2 This family is, of course, much larger than the ordinary 
f amity, which in the Punjab averages 4*6. In the harani tracts of Rohtak with 
a rainfall of only twenty inches ‘ the zemindar reckons to keep a pair of plough cattle 
for twenty to thirty acres, which suggests that he cannot comfortably live on 
less. In Montgomery, where only ten to fifteen inches of rain can be expected in 
a year and (outside the colony) cultivation depends largely upon the precarious 
supply of the inundation canal, it is reckoned that forty to fifty acres are required 
to support a family in reasonable comfort. This may be compared with the large 
holdings of the Sirsa tehsil, where cultivation depends almost entirely upon an 
average rainfall of twelve inches.^ 

Where the water supply is assured, the amount of land required varies with 
the intensiveness of the farming. This is greatest in Jullundur, where well irriga- 
tion prevails and profitable crops like sugarcane, cotton and wheat can be grown. 
When the district was last settled (1914-16), the normal holding was five acres, 
which at first sight suggests that this is enough for an ordinary family to live on.® 
This, however, is almost certainty not the case, for about two-thirds of the owners 
are in debt, and many have land in the canal colonies and not a few emigrate.® 
For the humbler castes with their very simple standard of living five or six acres 
may possibly suffice, of which, indeed, we have an example in a Mehton of Nawa- 
shahr, who was found to have brought up a family of five sons and two daughters, 
without getting into debt, on acres of irrigated land. He grew sugarcane, 
cotton, wheat, maize, chillies, gram, barley, vegetables and fodder,*^ and the fact 
that he married all but one son and spent over Rs. 1,400 on a single wedding shows 
what can be done, even with arable farming, when water, fertility, energy, and 
thrift are all combined. But the case is altogether exceptional and would pro- 
bably not have been possible had not vegetables and chillies been amongst the crops 


^ The hypothetical family consifltod of a man, his wife and 2 children aged 12 and 5 (Asseumeni 
Report t 1925, pp. 15-6). 

^Assessment Report, 1918, pp. 8-9. 

^ Rohtak Assessment Report, 1909, p. 11. 

*In Sirsa, holdings average 60 acres per owner {Assessvietit Report, 1921, p. 9). 

* To obtain the normal holding, the following holdings were excluded 

(1) Those consisting of an entire estate, (2) small plots given to religious persons and village 
menials, (3) those held in usufructuary mortgage, (4) those occupied by well-cylinders, 
threshing flemrs, etc., (5) Government and Abadi holdings, and (6) holdings of occupancy 
tenants pajdng low rat»es. In three tehsils, the normal holding was found to be five 
acres, and in the fourth (Nawashahr) to vary from four to eight acres, acoording to 
the circle, see Assessment Reports. 

• The Punjab Peasant, op. cit. p. 44. 

’ Assessment Report, 1916, p. 14. The exact area was 58 Kanals, 13 Marlas. In Jullundur 10*637 
Ki^nals inAke 
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cultivated. Owing to the large number of Axains in Jullundur, the vegetable plays 
a more important part in this district than in most, and the more this is the case, 
the smaller the area required for the family farm. Eecently in the Arain village of 
Tehong, three miles from Phillour, it was found that more than half the cultivators 
(226 out of 438) were living on 2^ acres or less. This apparently they were able 
to do, as each holding had about an acre under vegetables. 

Though the n6rmal holding in Jullundur is only five acres, and Arains, by culti- 
vating vegetables and accepting a low standard of living, live on less, the lowest 
estimate given me for the central Punjab, where irrigation is by well or by canal 
and well combined, is seven acres.^ (Compare the acres quoted for Holland 
and the two Belgian districts of Campine and Polders.) But all whom I have ques- 
tioned agree that if a family is to live comfortably, the minimum will be ten to 
fifteen acres, according to the nature of the cultivation. This agrees with the results 
of a survey recently carried out, under the writer’s supervision, in a village near 
Lahore. The land is canal -irrigated and under wheat, rice, cotton, and fodder. 
No vegetables are grown, but a good deal of stock is carried, as Lahore provides 
a first rate market for milk, which nearly every one sells. It also gives abundant 
opportunities for carting, which is done for tour months in the year. Enquiry 
shows that, under these very advantageous conditions, ten acres will support a 
family of five (including three children), provided there is no debt, which is not 
usually the case. Thanks to the carting, there will also be enough w'ork, though 
the actual field labour takes only 180 days. But if no milk could be sold in Lahore 
and no carting done, it is estimated that fifteen acres would be required instead.® 

The canal colonies. 

The canal colonies require separate consideration, as their conditions are peculiarl 
favourable. Holdings are substantial and also compact, and croj s are secure and 
debt light. On the other hand, irrigation is by canal which is less productive than 
irrigation by well, and the standard of living is higher than anywhere else. For 
Lyallpur, the lowest estimate given me is 13^ acres or half a square, and for Mont- 
gomery, where less w^ater is available and cropping consequently less intense, it 

^In the Satnrala tehsil of Ludhiana, where irrigation is by river flood or by well and crops are ap- 
p arently secure, five to six acres are said to provide an ample holding. The ordinary rotation is maize, 
oane and wheat (Assessment Beport^ 1910, pp. 16 and 19). 

* For a ten-acre holding income and expenditure are estimated, thus : — 





Income 


Expenditure 




Rs. 



Rs. 

Produce 



. 350 

Cultivation . . . . 


287 

Sale of milk , 



. 108 

Personal— -Food . 

, . 

140 

Carting 



. 160 

Dress . 


50 





Social functions 

, 

50 




Total . 618 

Miscellaneous (no 

interest 

. 





charges included) 

• 

77 






Total . 

604 
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is twenty acres. Recently, exact accounts have been obtained for a number of 
farms in both areas. The result, in the case of eighteen Lyallpur farms, shows 
an average net income of Rs. 49-6 per acre.^ A fann of 134 acres, therefore, would 
produce about Rs. 667 a year. On this income the ordinary cultivator elsewhere 
would probably consider himself affluent, but then he is nearly always in debt, 
and his standard of living is low. The last point is of importance, and it may be 
emphasized that the figures taken from the Assessment Reports are based on the 
very modest standard of the past, while the colony figures postulate the higher 
standard desired for the future and already partially realized in Lyallpur. The 
difference is well illustrated by the Kot Adu tehsil of Muzaffargarh, a district in 
which the standard of living is lower than in any part of the province. Here, it 
is said, five cropped acres will maintain a family.^ 

The Lyallpur enquiry brings out three points which, though generally accepted 
in theory, are not always accepted in practice. The first is that the modem system 
of farming is more remunerative than the old. One of the estates, for which ac- 
counts were kept, consisted of 88 acres divided into three farms, which were given 
out to tenants on the hatai system. The land was of average quality, but was 
cultivated on modern lines. Seed was carefully selected, up-to-date implements 
used, and expert supervision applied. The result was a net income of Rs. 87 per 
acre as against only Rs. 59 for three other estates, totalling 184 acres.^ The second 
point illustrates the value of substituting fruit and vegetables for ordinary crops. 
A tenant who did this obtained Rs. 1,086 by the sale of oranges and onions from 
land which would otherwise have brought in only Rs. 200.^ The last point is that 
intensive farming provides not only more cash, but, what in this case is equally 
valuable, more work. It was found that the cultivation of an acre provided from 
17 to 20 days’ work in the year, but that in one case it gave 22 days. This was 
because the tenant in question put twice as much land under sugarcane as usual. 
For the 18 farms examined, the average was 170 days’ w^ork in the year,^ which, 
it may be noted, is well within the estimate already given for the Punjab as a whole. 
As the average area of these 18 farms is almost exactly 13 acres, or slightly less 
than half a square, it would seem that though half a square may give a family enough 
to live on it will not give it enough to do. It is one of the problems of the family 
farm that it is difficult to combine both. 


A H. R. Stewart, Some Aspects of Baiai Cultivation in Lyallpur District^ 1926, pp. 32-34. 
^ Assessment Report, 1924, p. 10. 


® Size of estate 
Acres 

28 . 

46i. 

110 . 

Average of 184 acres . 

* Stewart, op, ciU^ p. 8. 

® Ibid, p. 4. 


Net profit per acre 
Rs. A. r. 

66 9 0 
56 7 6 
58 0 0 
|}9 (rounci) 
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The Punjab compared with the West. 

We may now compare the farmer in the Punjab with the farmer in the West, 
and we may say that the Arain of Tehong and the Mehton of Nawashahr, with their 
combination of vegetables, chillies, cotton and sugarcane, (‘orrespond with the 
grower of the vine and the olive, the orange and the lemon, and that all three can 
live on four or five acres. And the arable farmer of the central Punjab and the 
canal colonies may be said to correspond with the arable farmer of Italy, France 
and Jielgium, who requires from ten to twenty acres for the suj'j^ort of a family. 
Finally, the large holdings of the insecure harani tracts may be comjiared with the 
twenty-five to fifty acres required under somewhat similar conditions in Italy and 
France. The comparison suggests a rough approximation in the area required for 
the family farm in each category. But in the case of northern Europe it may be 
urged that the comparison has little value, as the standard of living and the condi- 
tions of life are totally different from those prevailing in the Punjab. There is obvi- 
ous force in this argument, and w^e must bear it in mind in draiving conclusions 
from Belgium and France. But it applies much less to Italy, and hardly at all 
to Sicily and the south of the peninsula. Conditions in the latter, as I hope to 
show^ in H subsequent article, have much in common with those in the Punjab, and 
it would seem as if in both countries the purely arable farmer cannot maintain him- 
self and hia family in any degree of comfort on less than ten or tw^elve acres, with- 
out running into debt or finding some supplementary means of subsistence. Such 
figure's as w^e have suggest that three-quarters of the cultivators of the Punjab have 
ten acres or less to cultivate,^ and in the rest of British India, except in Bombay 
and the N.-W. Frontier Province, holdings would appear to be, if anything, 
smaller..^ What chance then is there of prosperity for the Indian cultivator, whose 
farming is still the primitive farming of the ages, whose land, as population in- 
creases, is more and more subdivided, whose fields are fragmented almost beyond 
belief, who often has not enough water and rarely enough manure, who seldom 
know\s howr to grow either vegetables or fruit, who is generally in debt and has to 
borrow most of his capital at 18 or 25 per cent., who is obliged by custom to s])end 
at least a year’s income on every marriage, and who, if a Hindu, is virtually debar- 
red by religion from being a successful breeder of cattle ? In such a case, how^ could 
a cultivator be anything but poor ? Man in India has multiplied too fast and is 
too thick upon the ground. The increase of over fifty millions in the last fifty years 
has confirmed the sentence of poverty imwittingly passed long ago by the people on 
themselves.^ Can this sentence be reversed ? Can it even be mitigated ? The 
experience of western Europe suggests that much can be done, but only if holdings 
are consolidated, resources developed and the rapid increase of population arrested. 


1 Pea^awr, op. ot7., 2ii<l Edition, p. 3 (footnote). 

* Ibid, p, 288. 

I of Indis rose from 266 miUioxu in 1872 to 319 millions in 1921 {Ceneufi of India, 
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I. Introduction. 

With the rapid spread into cultivation of more than one Coimbatore sugarcane 
seedling in sub-tropical North India — at the time of writing the area under such 
seedlings is computed at over 60,000 acres~it has been thought desirable to present 
in this paper brief descriptions of the more popular of them. Unlike as in most 
Other plants, the floral parts are very rarely used in the identification of cane 
varieties, some of them never flowering in ordinary cultivation. Descriptions of 
canes, like the ones herein given, have therefore to be based largely on the 
vegetative characters of the plant. Besides the descriptions a certain amount of 
information has been included on the root systems of the seedlings. 

II. Nature and scope of descriptions. 

When attempting the descriptions, various difficulties were experienced. It 
was found, for instance, that the same seedling showed differences in leaf curvature, 
length and thickness of joints and nature and quantity of vestiture on various parts 
of the plant, according to the locality in which it was grown. This is not to be 
wondered at, when the wide variations in climatic and other conditions of growth, 
between the different parts of India, are considered. 

Technical words have been kept at a minimum in these descriptions to render 
them useful to a wider class of readers. Secondly, no attempt has been made to 
describe the seedlings for all the characters, which are over seventy in number. 
Only such of the characters are described and illustrated, as would bring out the 
essential features of the seedling or are of use as separation characteris. Ip 

• ( 28 ) 
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preparing these notes the elaborate morphological descriptions by Drs. Barber^ 
and Jeswiet-^ and the popular descriptions by CowgilF have been freely consulted. 

An attempt has been made to fully illustrate the descriptions. The various 
seedlings have attained their greatest popularity in definite localities ; and it has 
been thought best to base the descriptions and illustrations in this paper on material 
collected from such localities. The material for Co.’s 205 and 223 was obtained 
from the Punjab and that for Co.’s 210, 213 and 214 from Bihar. The illustrations 
include oJie set of paintings (PI. Ill) showing the natural colour of the canes pre- 
pared from mature formaline-preserved material. Further, a plate of line draw- 
ings has been included of each seedling (Pis. IV to VIll) to illustrate certain of 
the parts described and is placed facing the descriptions to facilitate reference. 


111. Ghakacters described. 

(a) Parentage. Each description starts with the parentage of the seedling. 
Details about parentage have not perhaps the same importance in the sugarcane 
as 111 most other crops ; very wide variations are found even in batches of carefully 
‘ selfed ’ seedlings and the inheritance of characters in the sugarcane has not yet 
been traced to very definite laws, it needs to be mentioned, ho v\ ever, that certain 
indications have been obtained in this matter^ , and, in the past, a judicious selec- 
tion of parents has led to practical results. 

{h) Habit and general appearance. The general appearance of the crop in the 
field is of considerable help in the identification of canes and, sometimes, enables 
the separation of varieties otherwise very similar. The habit of the plant, the 
number, colour, arrangement and type of canes in the stool, and the nature, colour, 
quantitj^ and width of the leaves are certain of the characters contributing to this 
general appearance. These are described in general terms for each seedhng. 

(c) Leaf. The sugarcane leaf is divisible into two main parts, m., the lamina 
or the expanded green portion and the sheath or that portion of the leaf which clasps 
the cane and carries the lamina at its top. 

(1) Larnhia. (PI. IV, fig, 1) — 

(i) The lamina (lam)* is described for its length and width in relative terms. 

No attempt has been made to give the maximum, minimmn or the 


^ Barber, C. A. Studies in Indian Sufirarcauos. No. 1 — Punjab Canes. Mem, Dept. Agri. India, 
Bot. 8er., Vol. Vll, No. I. 

•Jeswiet, J. Besohrijving der Soorten van hot Suikerriot. Medeileelingen van hei Proefstation 
Ivor de Java-Buikerindustrie, Landbouwkundige Serie, 1918, No. 6, pp. 383-413. 

® Cowgill, H, B. A Method of Identifioation and Description of Sugarcane Varieties and its Appli- 
cation to Types grown in Porto Bioo. Jour, Dept, Agri., Porto Rico, Vol. I, No. 3, 1917. 

^ Venkatraman, T. S. Sugarcane Breeding — ^Indications of Inheritance, Mem, Dept. Agr%. India, 
Boi, 8^., Vol. XIV, No. 8, and Arckief voor de Java-8uikerinduetrie. 

Here and elsewhere the contraction within brackets represents the symbol by which the part 
la indieated in the plates. 
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average measurements for these or any other quantitative character, 
as these not only vary from one locality to another but are of little 
use in field identification. 

(ii) While the youngest leaves in a cane plant are more or less erect, the older 
functioning leaves show curvatures often characteristic of each cane 
and the leaves arc therefore described for this character. A repre- 
sentative leafy tuft is illustrated as Fig. 1 for each seedling. 

(2) Sheath (Lf sh. Fig. 1) possesses certain characters which are of use in 
identification. Three of the more important and easier ones are described for each 
cane. These are : — 

(i) Spines or stiff silicioiis hairs on the back or ^he dorsal side of the sheath. 

These may be present, indicated or absent, and, when present, show 
a certain amount of variation in nature and quantity. 

(ii) Ligular processes (Lig Pro. PI. IV , figs. 2 and 3). These are scarious 

lateral extensions of the sheath generally pointing towards the apex 
of the lamina and arising from the junction between the sheath and 
the lamina. Tliese may be long or short, broad or narrow, tooth- 
like or sharp pointed, curved, present on one or both sides, merely 
indicated or altogether absent. When differences exist, this is a 
very easy and useful character in the identification of sugarcane 
varieties. 

(iii) Ligule (Lig. PI. IV, fig. 3). This is a membranous appendage of the 

leaf-sheath extending upwards from the point of union of the sheath 
and blade. This shows variations in more than one respect. The 
size and the shapes of the upper and lower margins are described. 

(d) Cane or stalk. (1) General. Two characters which are easily noticed in a 
batch of stripped canes going to the mill are ‘ thickness ’ and ‘ shape ’ of the cane 
as a whole. Both these are easy of recognition even by a layman and have been 
included in the descriptions. 

(2) Colour. Colour was one of the earliest characters used in cane classification 
and, previous to the discovery of the large number of morphological characters, 
often used to form the major portion of cane descriptions. At the same'time it is 
l)y no means a very reliable character ; it varies not only with the locality" and stage 
of growth of the plant but also with exposure to light and sun. The blushing of 
canes with exposure is a common enough experience with cane growers. Again, 
not only do individual canes in a clump differ from one another, but even parts of 
the same cane show a certain amount of variation. In these notes the aim has 
been to describe the colour in bulk, of a representative lot of canes, leaving out minor 
variations. 
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(3) Joint or internode. This is the portion of cane between two adjacent nodes 

(PL V, fig. 5). esLch joint and immediately above the node is a 

fairly well defined region the ‘ root zone ’ with rows of translnscent dots which are 
in reality the incipient or resting root tips. When the cane is planted in the ground 
the first roots of the germinating cane arise from these translnscent dots. Above 
the root zone is a ring of often meristematic tissue called the ‘ growth ring * (G. R.). 
This is generally a well defined ring often of a colour different from the rest of the 
joint. 

The joint possesses a large number of characters and some of the useful ones 
are described. These are : — 

(i) Shape of individual joint. This sometimes differs, according as the 

joint is viewed with the bud towards the observer or to one of his 
sides. The shape referred to in these descriptions is of the joint with 
the bud towards the observer. 

(ii) Groove (PI. V, fig. 4) or the longitudinal depression in the joint extend* 

iiig upwards from the ‘ eye ’ or bud. This is present only in certain 
canes and, when present, may be shallow or fairly deep and extending 
practically along the whole length of the joint or over a portion of it. 

(iii) Ivory markings (I. M. PI. IV, fig. 4) are thin lines, really cracks, in the 

epidermis and differ in nature, quantity and distribution. 

(iv) Splits (Spl. PI. IV, fig, 5) are deeper cracks in the epidermis and, like 

the ivory markings, vary in quantity and distribution. 

(4) Bud. At the base ot each joint is found the bud. In popular language 
it IS also called the ‘ eye ’ or ‘ point.’ This is really the embryo shoot and renders 
possible the vegetative multiplication of the cane as is the case in ordinary culti- 
vation. 

Though comparatively small, it possesses many characters of diagnostic value. 
It has recently been even claimed that varieties could often be identified’ from 
buds alone, if these are well preserved. Most of the characters in the bud are 
however rather minute and do not lend themselves for use in popular descriptions. 
Two of the easily recognizable characters have been included. These are : — 

(i) Size and shape, 

(ii) Flange (FI. Figs. 6 and 7). This is thi* flattened edge of the bud formed 

by the outer scales. It varies in origin, width and vestiture. 

(e) General remarks. Short noU's are here given based on tin* ])erformance of 
these seedlings in various provinces. 


'Joawiofc, J. Besohrijving der SoortiMi van hot Sulkerriet. Mededeelitigen van het Proefstation 
vooT de Jfiva-'Suikerindueirief Landbouwkundigo Serie, 1918, No. 6, pp. 383-413 
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PLATE IV. 




J. 213 $ X Unknown (J, General collection. The mother variety has no healthy pollen, there- 
fore not selfed. Likely cross with M. 2 or M. 1017, two vigorous Madras seedlings oi rather 
low sucrose which were flowering freely in the neighbourhood. 


COIMBATOEE SEEDLING CANES 


3S 


VM 

O 0^ 


03 tij 


HD O 

op*, 

<D 

o 

* 6L 

I o 

9 

OQ O 


a> 

sg 

& 

a> 


a> 

o 


0 .; 

o 


C8 

rJQ 

"S 

I 


<Xi 

U) 

a 


4- 

'5 

OD 

0^ 

M 

'S 

a 

'T3 


0) OD 

-M 

o ^ 
O 

'a S 
8'S 


a 

03 


2P 

.s 


a> 

•« 2 


0^ 


O) 


a 

o 


O ^ 
^ (h 
O 

^ a 


> 



TJ 

°3 


c3 

Q 

bO 




00 

rP 

.fc .J=3 
to bt) 


P 


£ 

a> 

d 

*Sd 

IH 

CO 

?>% 

•s ^ 


03 

O 

fl 

O 

CJ 


o 

1=3 

O 

Pw 


c/i a, 

.§ e 


. 

-§ S, 

ca •=« 

a> ^ 

^ c3 

2 ^ 

^ o 


<v 


bl) 

c! 


• ' c3 

•E 

T: 4S 

^ HH 

O O 


bt 


'T3 



£ 2 



34 


AOBIOULTUBAI. JOUBNAL OF IKDIA 


[XXIII, 1. 


eo 

rH 

(M 

c 

o 






Griped Mauritius $ x M. 4600 o (Sarethu 2 x S. spont. q ). Unbagged cross. The mother variety has a 
fair quantity of pollen. The stigmas were constantly dusted with pollen of M. 4600. Other 
seedlings raised from St^, Mauritius are of a totally different type. The seedling is therefore a 
likely cross between the parents indicated. 
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Chittan 9 X Unknown General collection. Rome vigorous Naanal seedlings, which possess an 
abimdance of healthy pollen, were flowering on the windward side, and cross-poUination with 
these is highly probable. Arrows of Cktttmi, collected imder conditions where selfing was most 
likely, gave a different type of seedlings. 
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sparse hairs. 

r) General remarks, 

A medium cane of satisfactory vigour and good habit. 
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V. Root studies. 

It is only in recent years that root systems of plants have been receiving some 
attention. Man acts on a crop mainly through the soil and hence through the roots. 
Knowledge of the nature, depth and mode of development of the roots at different 
stages of growth and under different conditions, is of (lonsiderable use in forming 
ideas about the suitability or otherwise of a seedling to a given locality. It needs 
to be mentioned here, however, that the study of root systems is rnoKi difficult and 
considerably more laborious than that of the usual morphological characters. 

Certain of the Coimbatore canes have been under study for their roots both at 
Coimbatore and elsewhere for some time. The better f>erformance and hence the 
popularity of these seedlings would appear to have resulted largely from their possess- 
ing a root system superior to that of the indigenous varieties. (PI. IX.) 

In the subsequent paragrajffis the roots of certain of the seedlings are described 
in some detail. These are based on a large number of field dissections and on data 
from plants grown in a manner specially designed for such studies.^ The cane 
produces two classes of roots, viz., (1 ) set roots which are produced soon after planting 
from the incipient root tips found at the base of every joint, and (2) shoot roots which 
are produced at a later stage from the developing shoots. 


(a) Co. 205. 

Set roots. These roots develop latest in this cane. A fair number of the resting 
root tips do not take part in the first flush, but produce roots later on should a need 
arise. This would appear to be a valuabb/ and dt'finite ])rovision against adverse 
conditions during the earlier stag(‘s of growth. These are distinctly thinner at 
origin and, under field conditions, function for a miuh longer period than in the 
case of the other seedlings. 

Shoot roots. These develop much latter than in th(* other canes and are less in 
quantity during the early stages. This is interestingly correlated with the poorer 
vegetative vigour of this seedling up to a period of three to four months. The cane 
developes remarkably and almost suddenly after this period. 

The one striking feature about the root system of this cam* is the great depth 
of soil which it is able to tap. Even under unfavourable conditions the roots have 
been traced to depths of over nine feet at Coi ubatore. 

(6) Co.’s 210 AND 213. 

Set roots. These develop earlier than in Co. 205, most of the resting root tips 
taking part in the process. These are of uniform thickness throughout their length 
and perish almost immediately after the development of shoot roots. 

Shoot roots. These develop earlier than in Co. 205 and in greater quantity 
even from the commencement. 


* Venkatraman, T. S. Simple contrivaiioee for studying Root Development in Agricultural Crops. 
Agri. Jour. India^ Vol; XIX, Part V, p. {Ky9. 
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Roots of Co. 210 take more kindly to stiff soils than those of Co. 213. In sandy 
soils roots of Co. 213 go deeper than those of Co. 210. 

(c) Co.’s 214 AND 223. 

These two seedlings have not yet been studied in detail. Set roots develop earliest 
in these two canes, almost all the resting tips taking part in the process. 



THE FUNCTION OF THE ANTERIOR TIBIAL SPURS IN 
AMSAOTA ALBISTRIGA^ 


BY 

Y. RAMACHANDRA RAO, M.A., F.E.S, 

Acting Governinent Entomologist, Coimbatore, 

AmSACTA — AS A PEST. 

Amsacta albistriga- the red Hairy Caterpillar — is a serious pest of various crops — 
especially groundnut and cumbu (bajri- ^Pennisetum typhoideum) in South India. 
It usually appears in millions and in its later stages marches in armies from field 
to field and causes a wholesale destruction of crops. 

When full-fed, the caterpillar enters the soil and. burrowing down to a depth of 
5 to 9 inches, prepares an oval chamber, lines it with silk and hairs and transforms 
inside into a pupa. The insect remains in the pupal state till the first rains of the 
following monsoon, which in South Arcot are received in June- July. Then it gradu- 
ally transforms into the moth and awaits a fairly soaking rain to enable it to work 
its way to the surface. A heavy emergence of moths may usually be expected within 
48 hours of a heavy shower. The moths mate and eggs may be laid on the \ery 
night of emergence. Each moth can lay on the average about 1,000 eggs. 

Taking advantage of the fact that moths emerge in large numbers at one tin e 
and can easily be collected, hand-picking of moths has been advocated as a prevent- 
ive measure for this serious ])est. It was first tried with success in Mysore in 1910 
and has since then been adopted there with successful results. In the Madras 
Presidency it has been under trial since 1922 and promises great success. 

How THE MOTH EMERGES FROM THE SOIL. 

The great features in the life-history of the pest, however, ar(‘ its life of conceal- 
ment in the soil for nearly 10 months in the year and its powers of emergence as 
moths at the right time during the next season. 

Taking into account the fact that the pupa) are situated at a depth of 5 to 9 
inches in the soil, it struck the writer as rather wonderful that the moths-^ frail 
objects as they are — should be able to find their way to the surface of the soil from 
such a depth. During a recent visit to Maligampattu in S. Arcot, where hand- 
picking of moths was being demonstrated, the soil from which moths had been 
reported to have emerged was carefully examined. The soil certainly appeared as 
if it had been riddled, the holes being about J inch in diameter. On examination, 


♦ Paper read at the Indian Science Congrea«. Lahore, 1927. 

( 39 ) 
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however, each hole was only about | inch deep and appeared to end blindly. 
A careful sectioning of the sides of the holes gave no indication of the tunnel which 
the moth might be supposed to have burrowed out of the soil on its way up from the 
pupal chamber. It was evident that the tunnel must have been blocked up behind 
as the moth progressed upwards. 



Amaada albistriga. 

Fig. 1 . Moth using the tibial spur in working its way up to the turface of the soil. 

Fig. 2. Lateral view of the moth with the anterior tibial spur. 

Fig. 3. Fnlargcd view of anterior tibia and tibial spur. 

The anteriob tibul spurs. 

A casual exandnation of the moths collected in the field at that time revealed 
the existence of a remarkable structure in their front legs. A strongly chitinised 
expansion was found at the distal end of the anterior tibiae. The anterior tibia 
was very short and thickset, and was flattened distally. It teiminated in twp sharp 
spiny expansions, the exterior one being small and the interior nearly as Jong as the 
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tibia, curved and somewhat sabre- shaped. It was altogether a formidable structure, 
the usefulness of which to the adult insect did not appear to be very clear ; but 
there was no doubt that it was a normal structure since it was present in all the 
specimens examined. Moths just emerged from the soil and pupa) in whicdi the 
moths were ready to come out were next examined and were found to have it in all 
cases. The possibility that the object of this structure might be to aid the moth 
to dig its way to the surface of the soil, was then considered and observations made 
to test the correctness of that view. 

Some of the pupse wherein moths were ready to emerge were kept in tubes under 
a d(‘pth of about 4 inches of loose moistened soil in order to observe how the moths 
were able to make their way out of the soil in nature. The moth was first seen to 
break its way out of the pupal shell and to wriggle out into the soil. It then made 
use of the spurs on the anterior legs as showels to clear a space above its head, and 
the soil particles as they were loosened out by the spurs were swept and pushed 
down by the movement of the other legs until they were consolidated below by the 
wriggling contortions of the soft abdomen. As the showels were used and the 
digging progressed the insect was found to turn round and round so as to produce 
a tunnel of even width. • It was easy to see that in this way the moth would natur- 
ally obliterate all traces of the tunnel it had made as it progressed upwards towards 
the soil surface, and the shallow depth of the holes found riddling the soil at 
Maligampattu was thus easily explainable. After emerging from the soil, the moths 
climbed up any tall plant near by and took rest after voiding their excrement. 
It was at this time that the wing rudiments became elongated and developed into 
wings. In these experiments only loose sandy soil was used and the moths took 
from 15 to 20 minutes to traverse 3 to 4 inches of soil. It is not povssible to say 
how long they would actually take to force their way up to the surface under natural 
conditions, but since there is a definite interval of 40 to 48 ho\irs betw'een a soaking 
rain and an emergence, the moths probably take several hours to find their way 
out of the soil. 

Such spur-shaped tibiae are also noticeable in Esiigmene lacMnea in which species 
also the caterpillars burrow into the soil for pupation, w'hile they are absent in 
Pericallia ridni where the cocoons are formed either on plants or on the walls and 
roofs of houses. 

Theae spurs would, obviously, be ineffective in a clayey soil owing to its sticky 
nature when wet, and this probably explains ^^hy the Anmietn pest tliriv es only in 
loose red loam soils. 

Notk.-- Hiiicc writing this note, 1 have been inforinetl by Dr. K. Kiinhikannan, M.A., rh.D., Ento- 
mologist, Bangalore — to whom 1 had sent a copy for favour of criticiain — that he had noi(‘d tliis 
structure and had made similar observations on its function as early as fourteen years ago, but had 
put off publishing them. He confirius most of my observations. [Y. B. R.J 
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THE RAISING OF SEEDLING CANES IN JAVA*. 

When the fertility of the seed of the sugarcane was finally demonstrated and 
generally accepted, a good deal of attention was devoted to it in Java, but it was 
regarded rather as an interesting scientific fact than as of immediate practical 
use. But this study proved to be of the utmost importance when, shortly after- 
wards, the industry was threatened by the disastrous outbreak of sereh disease 
in the cane fields. It was an easy matter to concentrate attention on the raising 
of seedlings, for the purpose of obtaining new varieties which were resistant or 
immune to this disease. Tliis work was carried out on the experimental station at 
Pasoeroean, and the immediate results are known to all. Seedling work, although 
varying in its prominence at different^ periods, has been continued ever since ; as 
it was recognized once for all, that it was a legitimate and fertile means for improv- 
ing the character of the canes being grown. Although often receiving little atten- 
tion from the outside world, the botanists of Java have gone on steadily with the 
work to the present day, always with the idea of obtaining better and yet better 
varieties for the local conditions, Java seedlings have spread over every part of 
the world, those already waning in their popularity in Java being often used else- 
where with advantage. These facts make it important that more should be known 
about the methods employed, the raison d'etre of the various seedlings sent out, 
and especially the lines of development in the Java work. This work, controlled as 
it is by the planters, is of course eminently practical, but nowhere else is it based 
on such careful preliminary scientific study. Whether relying on the fact that 
the local conditions are entirely peculiar, or influenced by the little known language 
in which the results were from time to time published, comparatively little is really 
known of the inner details of the Java work, and the difficulties which have been 
met and surmounted. 

The colossal task of writing up the plan and results of each year’s work from the 
start has now been successfully accomplished by J. P. Baimier, a plant expert at 
tached to the Pasoeroean station, and he has published the account in the Arphief, ^ 
As, besides the language difficulty, this paper may not be available to many readers 
of this Journal, the following article has been prepared for the benefit of those 
who may be interested in the important subject. It will not be possible to treat 
of all the subjects discussed, for Bannier’s paper is very comprehensive and extends 

* Reprinted from 2nt, Svgar. Jowr„ XXIX, No. 337. 

^ Med, tan hel Proefstation, Jaargang 1926, No. 19. 

( 42 ) 
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roughly to 60 pages of illustrated letter press and 80 pages of tables. It is divided 
into three sections : (1) Methods of raising and selecting seedlings, (2) The line of 
work and technique at Pasoeroean, and (3) The results obtained from 1803 to 1925. 
The first of these sections is dealt with in this number of the Journal. 

Flowering ani> (ros8IN(l 

The crossing programme. The raising of cane seedlings is an (extremely easy 
matter, and it is a constant source of surprise, to those engaged in the work, tliat 
the idea ever crept in that the sugarcane vas infertile, Th(i author states tliat tlie 
methods employed have undergone little change during the past fifty years at 
Pasoeroean, although some minor simplifu ations and im|)rovements liave from time 
to time occurred. These methods were fully describ(?d in 1910 by ^Mllbrink and 
Ledeboer^, and they are unaltered at tlic present time. Greater and greater 
attention is, however, being given to the parents, and here the main difficulty 
is met with. Many workers have wondered why it has been so difficult to api)ly ordi- 
nary Mendelian principles to the sugarcane ; but it is increasingly evidemt that the 
make up of the raw material, the cultivates! plant, is far more complicated than in 
most other cultivated forms. The sugarcam; has, in fact, been subjected, during 
its long course of cultivation, to an extraordinary amount of hybridization. 

lliVery year the parents to be used in the campaign are carefully discussed before- 
hand, with special reference to the needs of the indust i‘>\ Iliey are tlieii studied 
afresh in every direction. The parents usually include both superior and inlerior 
kinds, all of which are chosen for the transmission of some desired character. Self 
ing is no longer practised, as the almost universal result is a collection of tyjHis in- 
ferior to the parent. One especially important point to determine is which characters 
are usually passed on by a parent to its offspring : and here the complex nature of 
the sugarcane is particularly discouraging. Some varieties have been found to 
pass on good qualities, and others not, while new good characters appear to arise 
from the chance meeting of hidden inherent factors. Ihe method of crossing a 
plant wfith a great number of others to determine its make up, so often made us(^ of, 
has be>en found to bo largely inapplicable to tlie sugarcane. 

The flower. The first point to determine is which kinds will fiower together. 
Canes about to flower can be easily picked (>ut, by changes in the terminal shoot 
some time before anthesis, and four stages are described, from the first lengthening 
of the upper internodes to the bursting of the floral sheath. These stages aie ahva} s 
noted on the cane varieties growing, and recorded for futuic use. .1 he flowering 
season at Pasoeroean extends from the latter half of March to the end of May, but 
the exact time for any kind varies greatly in different places, and from year to year, 
owing to soil and climatic conditions, at present only partially understood. Theie 
is a constant tendency for Glagah {Sacchanim spontaneum). and Kassoer and its 
descendants, to flower early ; while the better kinds are some thr(^e weeks later. 
This is a great bar to many desired crosses ; but this difliculty has b een migely 

1 Archie/, 19U, I, p. 367. 
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overcome by transferring the crossing work tp the Malang plateau, some 1,200 to 
1,600 ft. higher, with better rainfall and lower temperature. Here the time of flower- 
ing in the different kinds shows a tendency to overlap, some kinds continuing to 
flower for 1| to 2 months ; while others which do not flower in the plains, such as 
Lahaina, Zwinga, Badila, Cayana, Uba, do so freely on the plateau. A great mass 
of data on this subject has been accumulated, which it is impossible to reproduce ; 
but, in a Table, details concerning some of the less known forms are given ; the 
amount of flowering, the part of the season, and the relative fertility of male and 
female organs. 

Use as mother or father. The species of Sacehamm are usually bisexual, but in 
many kinds of sugarcane the pollen is more or less infertile. If this were not the 
case, crossing would only be possible by removing the stamens before pollination. 
This method has been explored sufficiently to show that it is either inpracticable or 
that the results are entirely out of proportion to the amoimt of labour expended. 
The degree of male sterility in a given variety is, however, not constant, but is greatly 
influenced by the monsoon ; and, even in the same season, there may be consider- 
able differences. The method used at Pasoeroean for determining the viabihty of 
the pollen is still based upon the observation, made long ago, that fertile pollen grains 
have abundance of starch, while this substance is absent from the infertile ones. 
The iodine test for starch is therefore relied on. The percentage of fertile pollen is 
then gauged and, when this is lower than 40, the danger of foreign pollination is 
considered to be acute. In such circumstances, caging is thought to be necessary. 
The father and mother are chosen according to the amount of fertile pollen normally 
present^ — the mother little or none, the father an abundance. 

Crossing, Four different methods are employed at the station, and these may 
be briefly termed, free, cage, living, and artificial. 

(1) Free crossing is by far commonest at present, having to all intents and pur- 
poses completely replaced the formerly used cage. It consists in bringing the male 
arrow’s to the female daily, and placing them in such a position that the greatest 
amount of pollen shall fall directly upon the receptive stigmas. The female- arrow 
is firmly fixed to a bamboo support, and the males are so placed that they completely 
surround the female, thus protecting the latter from the entry of any pollen from 
other plants. To ensure the freshness of the male arrows, they are cut with five 
or six joints attached, and placed in a bamboo filled with water, which is fixed to 
an upright stake. Flowering proceeds from the top of the arrow downwards and 
the part of the arrow which flowers most profusely is from half to three-quarters 
down. The male arrows are cut when the flowers are open in this region, and they 
are placed so that these o{)en flowers are just above the part of the female arrow 
which is then in flower. The time taken by an arrow for all the flowers to open is 
from six to seven days, although variations occur. 

(2) Crossing in cages. These are, as usual, cylindrical, and consist of fine muslin 
tightly wound round a bamboo frame. They are hung up so as to enclose the female 
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arrows, on a gallows-like support, and can be freely moved up and down. The male 
arrows are obtained and treated in exactly the same way as in free crossing. The 
cage method is condemned in Java, as requiring too much work for a large programme 
to be carried through in a limited time ; and also because it is considered to be much 
less fruitful in results, due to the absence of free air, and the greater temperature 
inside the cage. It is only used in Java where, for scientific reasons, it is imperative 
that foreign pollen should bo excluded. 

(3) Living crossing is the term applied to those canes in which both male and 
female arrows remain attached to their parent stems, the male arrow being bent to 
the appropriate position as regards the female. Both are firmly fixed and the male 
requires some propping. The main advantage of the method lies in the saving of 
male arrows ; but it requires the planting of the selected varieties close together, 
and there is always the chance that one or other may not flower. When it is con- 
venient, two male arrows are used, for the greater protection from undesired pollina- 
tion. It is only used on the station when, through accidental circumstances, it 
is desirable and possible ; the method at present is less employed than any of the 
others. 

(4) Artificial crossing. Collecting the pollen from the male plant, carrying it 
to the female and applying it to the stigmas. Both male and female arrows are 
firmly fixed, and the pollen is collected between G and 7 a.m., when it is most 
freely ])roduced. The method is as follows : The pollen is collected by placing a 
thin, shining, dark blue or black piece of cardboard under the male arrow ; shaking 
the latter gently and brushing the pollen to the middle ; then folding the cardboard 
tightly and carrying it to the female arrow ; here it is carefully brushed on to the 
part which is in flower. The female arrow appears to be unprotected in any way ; 
but the danger of unwished for crossing is largely eliminated by only using the 
method at the end of the season, when arrows are scarce. The advantage lies in the 
fact that one male arrow can be made to serve for the pollination of a number of 
female. 

Crossing must not be attempted at all times of the day. The flowers open shortly 
after sunrise, and the anthers a little later. During the early morning hours, the 
whole atmosphere is full of fresh floating pollen. Towards mid-day pollination 
diminishes, and by 3 and 4 o’clock has practically ceased. The male arrows are 
cut between 3 and 5 o’clock in the afternoon, and are at once placed in their bamboos, 
and arranged around the female arrow. The only exception is in artificial pollina- 
tion, which must be done when the anthers are producing their maximum amount 
of pollen. 

Ripening the seed and sowing . As soon as all the flowers have opened in the female 
arrow, the males are withdrawn and thrown away. A cage is then placed over it 
to protect it from birds, and from the chance of the seed becoming mixed by the 
blowing about of parts of ripe arrows in neighbouring plants. Eipening takes from 
three to four weeks, longer in Malang than in the plains, and there are certain sure 

£ % 
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signs when it is completed. The smallest portions of the arrow begin to fall apart, 
and the small leaflet under it dries up. Then the arrow, which has all along been 
attached to the parent plant, is cut off short below the cage and carried to a sheltered 
spot to dry for a few days, fiilly exposed to sun and air, but carefully shielded from 
possible rain. When dry, the arrow readily breaks up, and ite fluffy parts are collect- 
ed in a beaker : they may, if desired, be sown without more ado. 

Sowing is done in wooden trays whose bottoms are pierced with holes for drain- 
age, 50 cm. long and broad, and 15 deep ; and these are arranged many together 
upon bamboo racks, so as to be readily inspected and manipulated. The soil is 
a finely sifted mixture of fertile earth (zavelgrond, “ tarapan ”), sand, and cattle 
manure, in equal parts. For proper mixing all must be quite dry and finely divided, 
the manure being beaten with bamboo sticks to divide it up. The fluff is evenly 
spread by hand in a thin layer and firmly pressed down, then lightly covered with 
earth to keep it in place. Every precaution must, in fact, be taken to prevent 
the light particles from blowing from one tray to another. For this purpose, the 
sowing is done under a special cover, and the whole tray is at first kept tightly closed 
with a wire and cotton frame. Watering, which helps to fix the fluff, is done with a 
very fine rose, and afterwards regularly twice a day. During the hottest part of 
the day (between 11 and 3) the trays are protected from the sun, but otherwise 
full sun and air are allowed. Rain is guarded against by special bamboo screens. 

Germination, This takes place early in Pasoeroean, usually on the afternoon of 
the third day ; and if, after 10 days, no seedlings have emerged, the tray is discarded, 
as there is then no prospect of germination. One crossing may give many more 
seedlings than another ; some yield 5-10 per tray, while others will furnish hundreds 
or even thousands. 100 POJ and 2883POJ may be quoted as examples of varieties 
with few seedlings. Occasionally, patches of seedlings die away, through fungus 
attack. In such cases, the best plan is to remove the healthy sections to a fresh 
tray, taking care to avoid root injury by including clods of earth. Spraying with 
pyoctanin solution has been found effective for checking the attack. 

Raising the seedlings. The young plants of the sugarcane grow very quickly, 
and the root system is sufficiently developed in three to four weeks, for them to be 
planted in pots. A single arrow may produce several thousand seedlings, many 
of which may be of value, but it is obviously impossible to grow them all to maturity. 
It is usual to take 200 from one combination of parents, if there are several trays ot 
one combination 150 of each, but with poor germination rarely over 100. The 
choice of parents is a dominating factor, and it has been found that, if the results of 
a cross are poor, a repetition rarely produces anything of value. In potting up, 
the seedlings are not selected in any way ; they are just taken casually, each if pospible 
with a small clod of earth attached. The pots are about 6 in. in diam, at the top, 
and are filled with the same soil mixture as the trays. They are well watered, and 
kept in a shed for a couple of days, after which they may be safely brought out into 
the full sun. As before, they are watered twice daily, and in about two months 
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the seedlings will be about a foot high, sprouting wiQ have commenced, and they are 
ready for planting out. 

The nursery. This is divided into plots, each of which is completely surrounded 
by a drain. The plots are long, and each is divided by a pathway down its length, 
for inspection purposes, into two beds. Furrows are drawn across the beds, one roe * 
long and 3| ft. apart ; there are about 70 — 100 furrows in the plot, and each furrow 
will contain seven seedlings. In planting, all of the earth in the plot is turned out, 
the roots binding it together ; this is placed in the furrow and plentifully watered. 
The roots, somewhat cramped by the pots, now grow rapidly, and the improvement 
in the seedlings during the first week is astonishing ; failures rarely occur at this 
stage. The plants are now subjected to ordinary field conditions, with the excep- 
tion that only two-thirds of the usual dose of ammonium sulphate is administered. 
The object of this is to em])hasizo* of the differences in growdh ; for a poor plant 
will respond to good manuring, and differences will be diminished. The whole 
period of growth, from the fertilization of the flower to the maturing seedling, is 
roughly about 14-15 months. 

Selection. 

In practising selection of seedlings, three things have to be considered : At 
which period of growth it should take place, what soil is best for the nursery and what 
standard should be maintained ; or, briefly, when, w^here and how^ to select. 

When to select. The earlier practice was to pick out the promising seedlings from 
the trays for potting. This, however, is now considered of little use, if not dangerous. 
Many growth characters have not as yet developed and, more important still, the 
vigour of such seedlings as those of Glagali, Kassoer and its descendants, is often as- 
sociated with poor juice. Selection is now delayed till the last moment, when full 
growth has been attained, the best time being in May or June, after flowering. 
At the same time, it is of some assistance to make careful notes immediately before 
flowering, for then the canes in the field are covered with dead leaves, with fresh, 
green tufts above. 

Where to select. Light or good soil should be avoided, because here the growth 
conditions tend to the optimal. In porous soil, plants with weak root systems often 
show up as if they have strong roots ; and in light soils the plants look handsomer 
than they would do in heavy. In good soil too, many plants would be selected 
which ought not, in that they would fail in poor soil ; and the aim is rather to obtain 
seedling varieties which do well under as many different conditions as possible, some 
of these being poor. In a similar manner, but to a less extent, it is necessary 
to guard against mistakes from placing the nursery in heavy soil, for plants would 
be selected which, in better soil, might be pithy or might lodge. Nevertheless, the 
percentage of seedlings selected, which will make good, is usually greater when the 
mu'sery is on heavy soil than on light, probably because they possess a stronger root 
system. From which it may be concluded that land chosen for a nursery should be 
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of an average character, if anything, tending to be on the poor side. Yet one other 
point should be kept in view, and that is the effect of natural selection in the nursery. 
Nature exercises little selection when the conditions of soil and climate are optimal, 
and many seedlings will then appear to be worth retaining. In somewhat adverse 
circumstance, nature itself acts much more decisively, and fewer mistakes are made 
because of this assistance. 

How to select. To maintain a high standard, it is necessary to keep down the 
numbers of seedlings at all stages, because of the very careful study required for a 
successful issue. Furthermore, with experience, new characters are constantly 
being added, on which to base the selections ; and thus the percentages of rejections 
tend to increase. This is well shown in a statement of the annual percentages of 
seedlings passed at the end of the first year, during the period 1911 to 1925. For 
simplification, the five three-year averages have been calculated, and these are as 
follows : 13*06, 2*74, 1*40, 1*10, 0*54 per cent. From these figures, it will be obvious 
that the selection during the first year's growth has become very strict and it is fol- 
lowed, as will be seen later, by even more rigorous selection in the second and third 
years. This explains why so few of the multitude of seedlings grown to maturity 
(392,871 from 1893 to 1925) have ever reached the stage of distribution to the plant- 
ers, and, ‘pari passu, the very great success which these liave met with in the field. 

One of the most striking characters among cane seedlings is the very great varia- 
tion even among those derived from the same parentage. No two in fac^t are ever 
alike. But the number of visible differences, on which classification is built up, 
is alone very great, and, if an attempt is made to enquire into the number of factors 
involved, it soon becomes evident that the chance of tw^o entirely similar plants 
ever arising in the plots is extremely remote. Cytological studies show that the 
sugarcjane is much more complicated in its inherent structure than other plants 
under cultivation. One result of this is that the raising of cane seedlings is peculiarly 
fascinating because, with a considered choice of parents, any individual seedling 
may turn out to l)e of great commercial value. 

The first year's selection. The criteria used are largely those included under the 
general term habit,” and the character of the juice becomes important at a much 
later stage. Most of the habit characjters are observed in the plots before the canes 
are cut, namely, in May or June. It is, however, important to remember that growth 
varies from year to year according to the character of the season ; and thus there 
are no absolute standards, although, in general, certain lower limits are usually fixed. 
The object therefore is to be content at first with picking out the best that there are, 
rather than to compare the seedlings with the standard canes. There are very many 
characters which combine to form the habit of the cane plant, some of which can be 
easily specified and observed, while others camiot well be put down in writing. Of 
the former, some dozen or more are briefly considered by the author and a few item® 
are here extracted. For convenience, the word batch ” is used to indicate any 
collection of seedlings obtained from one crossing experiment. 
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Length of cane is of course important, and is fairly constant in any batch of 
seedlings ; but the longest are preferred, other things being equal. If below a mini- 
mum, the whole bat(di is discarded. Distinction should be made between canes that 
have flowered and such as have not ; the standard for the former is higher, because 
the part under the arrow is thinner and more or less pithy and devoid of juice, tend- 
ing to lighter weight. Thickness must be taken together with tillering power, since 
a greater tonnage may be obtained from a thin, branching variety than a thick one 
with few canes. A minimum thickness is easy to fix, but a maximum is more diffi- 
cult. As the result of many years’ experience, however, very thick canes arc regard- 
ed as liable to be inferior or spongy and those of medium thickness are generally 
preferred. Very great tillering is usually combined with a number of undesirable 
characters. Further, a seedling in the first year sometimes tillers enormously, but 
when planted from sets loses this character, while in some seedlings the converse 
is the case. Therefore, seedlings with only two or three canes should not be rejected 
on this account alone. C(^rtaiii batches show a marked tendency to the formation of 
water shoots, late canes of abnormal thickness. These should be rejected, unless 
a number of desirable characters are also present. 

Tfie forn) of tlie cane varies very greatly, but regular, upright ones are preferred, 
in that they are stronger and have mor(' silica in their walls, to ^sigzag or crooked 
ones or those of varying thickness in difierent parts. W here flowering occurs, 
the upper part of the cane often becomi's thinner, but in some kinds the average is 
well maintained to close under the arrow. Seedlings with slanting canes are avoided 
because of the danger of lodging ; with only moderate manuring, they should be 
erect. Long jointed canes are preferred, but too great length is a disadvantage, es- 
pecially ill thin canes, as the strongest part of the cane lies in the nodes. Straight- 
sided joints are the strongest and, of the rest, those which widen upwards are the 
weakest. Thick, swollen nodes are undesirable, and such canes as have many splits 
(groeibarsten) should be rejected. In many seedlings the root eyes tend to protrude 
early. If inherent, this should be a definite bar ; but it may depend upon whether 
the canes are free-stripping. Wdien they are not, insect enemies find shelter, water 
collects and fungus disease is likely to prevail ; besides which, additional labour is 
needed for stripping at harvest. 

In many batches, the buds tend to protrude from the stem, esj.)ecially when tluiy 
are long, and this courts damage, especially in the handling of tiie sets. Shooting 
at the top characterizes many flowering canes, but it is also present in otliers, and is 
of course undesirable. The form, colour and position taken up by the leaves are 
of considerable importance. Broad leaves, widely spreading, are preferable to narrow 
erect ones, for metabolic reasons. Spreading leaves get much more direct sunlight. 
On the whole, dark green leaves are preferable to lighter or yellowish green ones. 
Abundant flowering, although in some varieties little is lost thereby, is generally 
disliked ; this will depend on the amount of pithiness of the parts below, but some 
material is used up in the formation of the flowers, and non-flowering canes have a 
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longer growing period. Lastly, evenness of the clump is of great importance. This 
is greatly affected by the date at which tillering commences, but this is better judged 
in suceeding years. Unevenness of the thickness of individual canes is often note- 
worthy in first year’s seedlings, but this tends to become less marked, when they 
are planted from sets. If the differences are very great, however, the seedlings 
are rejected. 

Every seedling grown to maturity is ticketed with a number, and the year of 
cirossing is marked by a letter. These are retained throughout the period of selection, 
and correspond with a register, giving details of parentage and treatment. WJien 
the selection for habit has been made, each plant is dug out whole and taken to the 
factory. Here, after the tops and waste leaves have been cleared away, a second 
selection is made, lK3cause the imderground parts are now revealed and a better 
idea of the stand of canes can be obtained ; a great many rejections take place at 
this stage. Then the canes are cut off and divided into two parts, the iipj)er third 
being kept for possible ])1 anting for the second year, and the lower two-thirds being 
passed through the sample mill. The cutting is done with a very sharp knife, in 
that the internal character of the cane can now be observed, especially as regards 
eveiiru'nss of texture, hollows and pithiness, and general soundness. Then the juice 
is tested, but only as far as Brix and polariscope reading ; any attempt to judge 
the rendement ” would bo futile, and this is left till much later. In judging 
the juice, the standard is again not fixed, but varies according to the general 
growth and seasonal conditions of the year. The factory results are then (Combined 
with those in the field, and a balance is struck for every seedling. As a general 
rule, although not universally, the handsomest seedlings produce the pc^orest 
juice. 

The necond years selection. The nursery in which the selected seedlings are plant- 
ed is laid much a>s in the first year, with the difference, of course, that a number of 
plants of the same strain are now found together. The quantity of seed is limited, 
and the quality often poor, because of flowering so that it is sometimes difficult to 
(ill one furrow (one roe in length). If wide planting is resorted to, this must bo allow- 
ed for in harvesting. Some two or three kinds generally stand out in the first year 
as particularly promising, thougli there are not usually more than five which can 
be so distinguished. The sets for the second year’s nursery are called “ 61ite bibit,” 
and the few outstanding kinds are termed “ maximalisten.” Where possible, sets 
of the latter are also planted in another place purely for the purpose of multiplica- 
tion. The method, first adopted in 1918 with 2714 and 2725 POJ, appears to be as 
follows ; Shoots about months old are able to produce their own roots and there- 
fore can be planted ; when this is done yoimg plants are growing which also produce 
shoots, and these are detached and planted as soon as they are old enough. Thus 
a nursery of plants of varying age is established, and multiplication is very rapid. 
The method is termed seblangen ” and, incidentally, gives a good deal of informa- 
tion as to the growth capacity of a kind, A cane which ‘‘ seblangs well, is one of 
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rapid development and strong rooting powers, especially when planted from the 
upper portions of the cane, and such a kind is usually called a strong one by the 
planters. 

During the 2nd year, because of the greater number of plants, it is possible to 
distinguish between accidental and permanent characters, and for this reason a 
number of forms are discarded in which the character in the seedlings proves to be 
transitory. The true amount of tillering and flowering is also more readily esti- 
mated. Then, germination of the set and early growth can be studied, and it is 
possible to form an opinion of these characters within the first two months. Shortly 
before flowering, ix., in February, the general characters of growth and of the leafy 
crown are well seen, and these are noted ; and the third and last selection for habit 
follows in May, after flowering. The same characters arc studied in the second year 
as were in the first. For juice analysis, 10 canes are marked for the mill, about the 
xniddle of May, in each kind ; good, poor and medium being included. The analysis 
ox these is done twice, namely in June and July, so as to obtain information as to 
cany and late ripeners, five whole canes being used on each occasion. The final 
selection of the year is made after the second analysis, and the total number of 
survivals rarely exceeds one quarter of those chosen in the first year. All of the 
canes are analysed in the second year, in spite of any rejections during the year, in 
order to obtain general criteria n?garding all of those selected in the first year. If 
any of the ‘‘ maximalisten give promise of being better than the standard canes 
grown, steps are taken to multiply them as rapidly as possible, so that plantations 
may be able to obtain seed early, if they wish to. As an example of the results 
obtained by the method (already described), 2878 POJ may be cited ; in 1922 there 
was one full grown plant, in 1925 there were 1.750 bouws, and in 1926 about 25,000 
under this variety. 

The third years selectio7i. The seedlings are planted now in a greater numljer of 
furrows, usually 2-10 : and the furrows extend right across the plot, so as to be on 
both sides of the pathway. The plants on the two sides receive different amounts 
of ammonium sulphate, one the same as in the first and second year, and one half 
as much. The idea here is to obtain information as to how the seedling will Ixehave 
under better and worse conditions ; but it is confessed that the method has not as 
yet given very definite results. The princii)les of selection are similar to those in 
the second year, and 10 canes are crushed of each variety on each side of the path. 
Until the end of the third year, each kind reteiins ite original first year number, but 
those few which survive at the end of the third year enter the list of POJ canes. 
Further testing now takes place on the plantations, in order to compare the new 
seedling canes with those being grown. After a 30-fold harvest made in this man- 
ner, it is considered possible to judge, with reasonable certainty, what import 
ance a seedling has for the industry at large. 

{To be continued,) 


O.A.B. 



CO-OPERATIVE SOCIETIES AND SOME OF THEIR 
DIFFICULTIES. 

BY 

TOM LEWIS. 

Urban societies for the purpose of trading on co-operative lines have hvxm in 
existence for a considerable time, but it is only within the last few years that any- 
thing of a real practical natui'e has been attempted in this country so far as agricul- 
tural organization and co-operation is concerned. AVliile tlie British workmen 
have always been the foremost in this movement, the British farmer has in the 
past been inclined to look upon this idea of combined trading with a certain amount 
of suspicion and distrust. This reluctance on the part of the farming class to join 
co-operative societies has proved disastrous to them in some respects, in that it has 
enabled the foreign farmer who has thoroughly imbibed the spirit of combination 
to secure markets for their produce in competition with the English growers. 

Although progress has been slow', there are abundant signs tliat some headway 
is being made and throughout the United Kingdom we have to-day a number of 
societies which are doing excellent work. Unfortunately this is not true of all 
of them and it is the purpose of this essay to enumerate a few of the difficulties 
which militate against their success and these w ill be commented on briefly in the 
following order : — 

(а) Tnsufficient investigation previous to forming a society. 

(б) Inadequate finances. 

(c) Inefficient management, 

(d) Lack of support on the part of the members. 

(c) Price policy. 

(f) Lack of co-operation betw^^en societies. 

{a) Insufficient investigation 'previous to forming a society. It may be fairly 
easy to persuade farmers in a district to start a society by quoting examples of 
successful co-operation in other counties where success is due to conditions quite 
inapplicable to local circumstances. To be successful a society must perform 
a definite function and meet a particular need. These services are of two kinds — 
the purchase of farmers’ requisites and the sale of farm produce. 

A society should start with the simplest form of co-operative effort and then 
develop on broader lines when its financial position is more stable, and when it has 


^Boprioted from Jour, Uni, College of Wales, Vol, XVI, 
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gained for itself a firm hold on the trade of a district. In the case of a requisites 
society the service will take the form of improving and guaranteeing the quality 
ot requisites and in reducing prices or keeping them from rising. In performing 
this work the society will be faced with keen competition from outside, and it must 
also be prepared to give farmers some of the long term credit to which they have 
been accustomed. 

On the other hand the problems of a farm produce society are more intricate. 
In the case of sale of produce societies, it is quite apparent that the need for investi- 
gation is an absolute necessity. The crown of success in these, lies in the power to 
make prompt payment and in a guarantee of regular 8a})p]ies of a st ndard quality. 
To sell well, a society must be able to build uj) a reputation for regular supplies 
of standard quality. Further, the collective sale of various commodities involv<‘s 
large expenditure as to buildings, plant, etc., and consequently a large turn-over 
is essential and this necessitates a liberal supply of capital and the constant loyalty 
of farmers in maintaining a high standard of produce. 

(h) Inadequate finances. Many societies have been formed without sufficient 
capital and they have either failed or their progress has been retarded. It cannot 
be too strongly emphasized that one of the most important factors essential to the 
success of a society is that it should be adequately capitalized and each member 
should take upon himself to supply at least suffici(‘nt funds to finance his own 
business through the society. It is (isseiitial that increase in membershij) and turn- 
over should be accompanied by an increase in capital. Lack of cajntal is often 
responsible for failures in private firms, joint stock companies as well as co-opera- 
tive societu^s, but the effects of failure in the case of the latter are more k(‘(‘nly felt 
than ill the case of joint stock companies sinc e their liability is usually sjiread over 
a large number of scattered shareholders. A joint stock company can appeal to 
the public by offering higher returns in the form of dividends. But in the case of 
co-operative societies interest on capital is usuall}' limited to 5 per cent, as it is their 
object to distribute benefits to members in proportion to their trading with th(‘ 
society and not pay high interest on cajutal. This means that societies have 
evidently to be financed by farmers’ owm capital with the rcvsult that many are 
under-capitalized. Bank overdraft is not a satisfactory means of finanee ; it is 
liable to curtailment at any time and its withdrawal may clause serious inconven- 
ience. Moreover, a high rate of interest must be paid whether the society is 
operating profitably or not. 

(c) Inefficumt management. Co-operative societies must realize that efficient 
management is necessary to successful trading. In the past, societievs with a few 
notable exceptions have invariably refused to pay salaries which uould attiact 
really proficient managers and undoubtedly many failures are attributable to this 
shortsighted policy. 

The question of the control of managers by committees presents many diffi- 
culties. Committees may be composed of members who have very little commer- 
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cial experience at their call and perhaps but very little interest in the society apart 
from the safety of their capital. In some cases the problem coxild be partially 
solved by the appointment of a small executive committee chosen from the more 
business-like members of the society. 

Successful working, however, depends on the co-operation of committee and 
manager. The hard work of a good committee may be of little benefit unless backed 
up by an efficient manager. But a good manager should be given reasonable free- 
dom in conducting the business affairs of this society, and not be unduly tampered 
with. All that the committee should do is to keep in touch with his work and 
advise him on matters of general policy ; it is as easy to spoil a good manager by 
over as by under supervision. 

{d) Lack of support m the part of members. With those who have been advo- 
cates of co-operative trading in this country it has been quite common for them to 
place the lack of support on the part of members as being responsible for the failures 
of societies. While it is a recognized fact that co-operative methods and combined 
trading cannot l)e successful without loyal and unflinching support on the part of 
members, still when we have badly-managed societies it is hardly to be exj,)ected 
that persons will invest their capital in, and give support to, such undertakings. 
But given good and efficient management, there is no excuse for disloyalty on the 
part of members and much of the apathy in the past has been quite unfounded. 

(e) Price, policy. The question of what prices to charge to meml)ers or what 
prices to pay for produce is one which has always engaged the attention of co- 
operators in the past. On the whole farmers in the past have expected a society 
to be able to sell or buy at prices much more favourable to themselves than is justi- 
fied by circumstances. It is a well-known commercial axiom that a concern entering 
a competitive market must gradually strengthen its position, and that those who 
have invested capital must wait for their benefits and profits. This has been a 
flagrant cause of failure in societies selling farm produce, notably dairy societies. 
In order to attract supplies societies have been prone to buy at artificially raised 
prices without any consideration of the prices at wffiich they can sell or of the costs 
of handling with the result that disaster is inevitable. The payment of higher 
prices involves a serious risk to a society unless it is well capitalized and in possession 
of a great deal of information as to future prices in (‘.onsuming markets. Farmers 
must learn to accept current prices less the cost of handling and wait for the extra 
price in the form of a bonus on supplies at the end of the year. 

(/) Lack of co-operation between societies. This is a problem needing urgent 
consideration by all societies and the greater the number of societies the more is 
the necessity for co-ordination. The importance of the problem is not so insistent 
in the case of requisites societies, yet even with these it would seem that if they are 
to render the maximum service, there must be bulked purchase by grouped societies. 
The experience of the past 26 years has shown that especially in the case of produce 
societies, it is essential that co-opieration should have a broad territorial basis. 
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This is emphasized in the case of dairy produce and egg collecting societies which 
are competing against each other in the same market. The marketing system 
can hardly be called efficient when such a state of affairs persists, but attempts at 
federation in the past have hardly been encouraging. 

In conclusion, however, one is inclined to the belief that the future of agricultural 
co-operation in this country is full of possibilities. Experience in the past has often 
been bitter, and the problems of the future are likely to be intricate ones which 
demand determined handling. But the development of agricultural education in 
our colleges and farm institutes and the extension of such work to the countryside 
by efficient and tactful organizers is equipping a large group of young farmers for 
this arduous, yet beneficial, task. 



NOTES 


A LEAF ADAPTATION CONDUCIVE TO MOSAIC RESISTANCE IN THE 

SUGARCANE. 

Though different views are entertained ahout the exact nature of the mosaic 
disease and the actual mode of transmission, there is a general consensus of opinion 
among cane pathologists that the disease is insect-borne. Assuming this to be so 
for the moment, it is obvious that any peculiarity in the leaf, rendering it incon- 
venient or difficult for the insect cither to visit it or introduce the virus into the 
tissues, would conduce to mosaic resistance. 

Going through the recorded rc-sistance or susceptibility of the different varieties 
to mosaic, there is one cane which, at the present time, is widely acknowledged as 
immune, viz., Kassoer.^ Even its seedlings have been found to be immune and this 
immunity is attributed to one of its parents Glagah — a grass which also has been 
found to be immune. 



Fio. 1 . Glagah. Pio. 2. Striped Cherihon. 

Lower surface of leaf X 83J. 

The leaves of Glagah show on the surface sharp stiff unicellular bristles which, 
from their position and arrangement, would protect the stomata and the surrounding 
regions from the attention of insect visitors. In Fig. 1, which is based on a catuera 
lucida drawing, the bristles are seen shaded with lines. The leaves of Eassoer show 
a similar adaptation and the inference is rather attractive that the immunity of 
Eassoer is probably due to its inheritance of these bristles. 

At the other and opposite end, we have the large number of broad and soft 
leafed varieties, very susceptible to mosaic. A careful examination has shown that 


1 Brandes, E. W, Breeding of disease -resisting sugar plants for America. The Beiference Book of 
the Sugar Industry of the World, July, 1926. 
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these do not either possess the bristles or show them in such small numbers as to be 
ineffective as a protective arrangement (Fig. 2). Other variations have also been 
noticed in the number, size, shape, nature and arrangement of the bristles, sug- 
gesting an obvious correlation with their efficacy as protection. The susceptible 
varieties so far examined include : — Poovan, Co. 1, Red Mauritius, Purple 
Mauritius, Java (Hebbal), D.74, A.2, A.95, B.147, B.2r)4, B.1528, B.flJJG, B.6:588, 
B.A.G032, B.6308 and Vellai. 

Of the wild Saccharums, Sc^cchcurum Narenga ^ has been found susceptible and 
it is devoid of the bristles herein mentioned. 

The bristles and their arrangement are easily seen in reflected light with a power- 
ful lens. For detailed examination, either thin surface sections may be taken or 
the leaf thinned down to almost tha surface layer, by repeated scrapings from 
the opposite side with the razor. These bristles are found both in the unrolled 
leaves and in the leaves which are in the process of rolling out — just the regions 
now considered to be the first recipients of the insect-borne virus. 

The efficacy of the protective arrangement becom€‘S apparent, when it is re- 
membered that the surface of a cane leaf consists of a series of longitudinal ridges 
formed by the veins, and the stomata ar(j found in a slight depression of the surface 
in between the veins. The epidermal cells above the veins are thick -walled*'^ and 
are, therefore, perhaps well protected. l)r. Braudes has shown that with Aphifi 
maidis the beak is usually placed on the cuticle covering a stomate guard cell at 
the point where the cuticle is thinnest and seta^ thrust into the latter by pressure.”^ 
The arrangement of the hairs is such that they would come in between the insect 
and the vulnerable points on the leaf surface, viz,^ the stomata. 

Other adaptations towards mosaic resistance that have suggested themselves 
in this worlv include ; — 


(a) Compactness and rigidity of the leaf tissues, and 
{b) Presence in the tissues of substances to counteract the virus when intro- 
duced. 

[T. S. Venkatraman a>;d R. Thomas.] 


THE TOIERANCE OF NITRIFYING ORGANISMS TO HIGH CONCENTRA- 
TIONS OF AMMONIA IN SOIL. 

In his paper on “ The effect of varying concentrations of ammonia on the nitri- 
fying power of the soil ” {Agri. Jour, of India, Vol. XXII, pp. 298-300), the author 


^ Braiultjs, K. W., and IVtcr J. Klaphaak. (^iltivated and wild hosts of sugarcano or grass niosaic*. 
Jour> Agri, Penearch, Vol. XXIV, No. 3. 

>Artschwager Ernst. Anatomy of the vegetative organs of sugarcane. Jour. Agri. liemtrch, 
Vol, XXX, No. 3. 

* Brandes, E. W. Moohanios of inoculation with sugarcane mosaic by insect vectors. Jour. Agri. 
.BwsarcA, Vol XXm, No. 4. 
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has set about finding a limit of ammonia accumulation tolerated by the nitrifying 
organisms in the soil, and for his experiments has selected “ black cotton soil possess- 
ing a very vigorous nitrifying power ; and has drawn the conclusion that 
concentrations of over 100 mg. of ammoniacal nitrogen are definitely injurious to 
the process of soil nitrification.’' This conclusion, applicable as it may be to the 
black cotton soil taken from a culth ated area, cannot, however, be accepted as a 
general proposition, and which the author is not justified in drawing from his limited 
experiment on one soil. Probably the conclusion is based on the conception “ that 
nitrifying organisms are unable to thrive in the presence of organic compounds or 
free ammonia or ammoniacal salts.” This conception is based on the experiments 
of Winogradsky, Omelianski and others. It has, however, been found at Pusa^ that 
the tolerance or otherwise of nitrifying orgaliisms in a soil depends on the num- 
ber of such organisms present in the soil, and that soils vary in their content of 
nitrifying organisms to a great extent. Certain soils like the garden soil or soils 
near the manure pits are so very rich in the nitrifying organisms that they are 
capable of nitrifying large quantities of organic or ammoniacal nitrogen without 
showing any signs of inhibition of nitrification which is seen with ordinary arable 
soils if the same quantities of organic or ammoniacal nitrogen are added to them. 

Further, it has already been shown that the nitrifying power of a soil could be 
increased by a process of activating it or increasing the number of nitrifying orga- 
nisms in it, showing thereby that the tolerance of organic or ammoniacal nitrogen 
by the nitrifying organisms is rather a question of numbers and not of their physio- 
logical activity. Other workers^ have found that the nitrifying organisms can 
tolerate ammoniacal and organic nitrogen and are not inhibited in their activity 
by the presence of these compounds. [ N. V. Josni.] 


MANUFACTURE OF SUGAR DIRECT FROM CANE IN INDIA, 1926^27. 

TwENTY-six factories making sugar direct from cane worked in India during 
the season 1926-27 as against twenty-three in the previous season. Eleven of these 
are situated in the province of Bihar and Orissa, ten in the United Provinces, two 
in Bombay Presidency (of which one factory has not yet supplied its statistics), 
two in Madras Presidency and one in Burma. 

The table below shows the total quantity of cane crushed and sugar made by 
the factories in (i) Bihar and Orissa, {ii) the United Provinces, and (iU) Bombay 


1 Sci. Repts. Agri. Res. Tnet Pusa^ 192.5-26 and 1926-27. 

* Fred, E. B., and Davenport, A. Organic Compounds and Nitrification. Roil Sden'^e, Vol. XI, 
p. 889. 

Gawda, N. Oxidation of ammonia and nitrates by microorganisms under different oonditioiui. 
Roil Science, Vol. XVII, p. 67, 1 924. 
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and Madxaa PresidencieB and Burma. The production of sugar direct from cane 
in India totalled 17,16,426 maunds or 62,941 tons during the season 1926-27, as 
compared with 14,46,061 maunds or 62,990 tons during the previous season. 

There was thus an increase of 2,71,366 maunds or 9,951 tons in the output of 
sugar during the campaign of 1926-27 over last year. 


Provinces 

Cabs GEUsazD 

1 SUOAB MADE 

1 

Molasses obtained 

1020-27 

1925-26 

1026-27 

1026-26 

1026-27 

1025-26 


Mda. 

Mds. 

Mds. 

Mds. 

Mds. 

Mdfi. 

BUmr and Orissa 

94.61.S48 

90,87.988 

8,19,020 

7,26,786 

3,94,476 

3,68,096 

United Provinces 

89,08.682 

70,06,421 

7,06,962 

6,52,673 

4,88,756 

8,28.874 

Bombay, Madras and Burma . { 

18.47.828 j 

18,64,688 

1,89,654 

1,66,653 

03,816 

76,608 

Total 

2,02,07,268 

1,79,49,042 

17,16,426 

14,46,061 

8,92,047 

7,74,062 


It will be noticed from the above table that in 192C-27 the supplies of cane 
available for crushing in Bihar and the United Provinces were considerably larger, 
while those in Bombay, Madras and Burma slightly smaller than in 1925-26. 

The average yield of sugar in India per 100 maunds of cane shows an improve- 
ment, having risen from 8 06 maunds in 1925-26 to 8 49 maunds in 1926-27. This 
improvement is especially noticeable in Madras, Bombay and Bihar, while in the 
United Provinces it is hardly worth mentioning. 

During the season 1926-27 India’s production of molasses by modern factories 
making sugar direct from cane totalled 8,92,047 maunds as compared with 7,74,062 
maunds in 1926-26, or an increase of 1,17,985 maunds over the previous season. 
This is due to an increased amount of cane crushed this year. 

The following table shows the quantity of sugar produced direct from cane 
during the last seven years, from which it will be seen that there is a steady increase 
in the output of sugar as made direct from cane. This is a healthy sign of progress 
as it is far more economical to make sugar direct from cane than by refining it from 
yur. 

Sugar made direct 
from cane 


1920 - 21 

1921 - 22 

1922 - 23 

1923 - 24 

1924 - 25 

1925 - 26 

1926 - 27 


Mds. 

6 , 69.291 

7 , 53,638 

6 , 51.416 

10 , 44,865 

9 , 21,950 

14 , 45,061 

17 , 16,426 


Statistics regarding the production of refined sugar by refineries in India during 
the season 1926-27, will be collected and published in due course. 


a 
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AoknowledginentB are due to tlie Proprietors and^ Managing Agents of the 
factories for furnishing the statistics worked up in this note. [Wynne Saybe/J 


TREATMENT OF COTTON SEED. 

The, following is the summary appended to the North Carolina Agricultural 
Experiment Station Technical Bulletin No. 26, by Mr. S. G. Lehman, on the 
subject ; — 

1. Anthracnose^ is one of the most destructive diseases of cotton in the United 
States. This disease causes losses amounting to many thousands of dollars annually 
in North Carolina alone. It is caused by a fungus which, under present cultural 
practices, is known to be spread chiefly in the form of spores and mycelium lodged 
upon the siirface and within the cotton seed. 

2. The methods commonly recommended for the control of seed- borne anthrac- 
nose of cotton are selection of seed from healthy plants, seed sterilization with chemi- 
cal disinfectants, corrosives, and hot water and use of old seed for planting. Each 
of these methods is encumbered by certain defects which make desirable the deve- 
lopment of a more certain and more effective method of control. 

3. Other investigators have with more or less success attempted to control 
seed-borne diseases of other plants by the use of dry heat. 

4. This study on the control of cotton anthracnose began with the use of seed 
of the 1919 crop and a new supply of infected seed was obtained each season. The 
seeds were heated in quantities of 50 or 100 in an electric oven provided with a 
constant temperature regulator. They were germinated individually on moist 
blotting paper in test tubes, and each diseased seedling was examined microscopical- 
ly to determine the nature of the fungus attacking it. 

6. Certain preliminary experiments dealing with germination of cotton seeds 
and growth of the anthracnose fungus show that temperatures of 25° and 30° C. 
are not only very favourable for germination of cotton seed and the subsequent 
growth of the seedlings but also closely approximate the optimum for growth in 
culture of the fungus causing cotton anthracnose and for the development of the 
disease on seedlings. A temperature of 35° C. permits good germination of cotton 
seed but inhibits the growth of the fungus which causes anthracnose and prevents 
the development of the disease. At 20° C. germination of cotton seed and growth 
of the seedlings are good, but growth of the anthracnose fungus and the develop- 
ment of the disease are slower than at higher temperatures. 

6. The germinability of air dry cotton seed was completely destroyed in 15 
minutes by dry heat at 90° and 100° C. and seriously impaired afte^j^one hour at 80° 
C, A temperature of 70° C. for 24 hours impaired the germination of seed contain- 
ing an amount of moisture normal to ordinary storage conditions, but did not re 
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duce gerznination of seed whose water content had been reduced to 8*3 per cent, hy 
storage under laboratory conditions. Anthracnose was greatly reduced by heating 
seed at 70° C. for 24 hours but was not completely eliminated by treatment at this 
temperature for 48 hours. 

7. A temperature of 60° C. applied to air dry cotton seed either directly or after a 
period of preliminary drying at a lower temperature did not kill all the anthracnose. 

8. Cotton seed which had been predried at temperatures of 40® to 50° C. for 24 
hours or more were subjected to a temperature of 70® C. for 72 hours without marked 
loss of viability, but this treatment did not free the seed from anthracnose. 

9. When infected cotton seed were predried at 40° to 45° C. for 24 to 72 hours or 
at 60° C. for 12 to 24 hours and heated at 80° C. for 24 to 72 hours, complete elimina- 
tion of anthracnose was obtained in every test except one (6 out of 6) in which the 
heating was continued to 72 hours, but was secured in none of the tests in which 
heating stopped at the end of 48 hours. Little or no reduction of germination 
occurred as a result of these treatments. 

10. When predried cotton seed were heated at 90° C. all anthracnose was killed 
in 24 hours in 7 out of 8 tests, in less than 24 hours in 7 out of 13 tests, and in 48 
or 72 hours in the 3 remaining tests. No significant reduction in germination re- 
sulted from the treatment at 90° C. when the seed had been predried at 60° C. or 
above for 24 hours. 

11. When predried cotton seed were heated at 100° C., complete control of 
anthracnose was secured in all except one (7 out of 8) test, and in this one instance 
the seed were heated for only 2 hours. Heating at 100° C. greatly reduced the 
germinability of the seed which had been predried at 50° C. or lower for 24 hours. 
Much better protection was obtained by predrying the seed at 60° C. for 24 hours. 

12. When predried seed were heated at 95° C., complete control of anthracnose 
was secured in all of 14 tests in which the seed were heated longer than 8 hours, 
and in 4 out of the 6 remaining tests in which the seed were heated for 8 hours or 
less. Predrying the seed at 60° C. for 36 hours or at 60° C. for 18 to 24 hours con- 
ditioned the seed to endure the temperature of 95° C. without reduction in 
percentage of germination. 

13. A machine for treating cotton seed in bulk with dry heat is described and 
illustrated. This machine is dependable and partially automatic in operation and 
requires only occasional attention of the operator. The viability of the seed-borne 
elements of the anthracnose fungus present in infected seed may be destroyed by 
use of this machine. In this machine, the effective treatment for control of the 
disease without serious diminution of germinability consists of 20 to 24 hours of 
desiccation at 60-66° C. followed by 12 hours of heating at 95-100° C. 

14. The moieture content of cotton seeds is a factor which strongly modifies 
their resistance to heat and which may be used as a criterion of their ability to 
withstand the temperatures that are effective in the control of anthracnose. Wit)' 
out exception, when the moisture content after the preliminary drying was as great 
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3^9 per cent, of the oven dry weight, the viability of the seeds was seriously impaired 
by heating at 96° C. for 12 hours. When the moisture content after the pielir 
jninary drying was not greater than 3*62 per cent, of the dry weight of the seeds, no 
serious loss of viability resulted from the treatment at 96° C. 

16. When the water content after drying was not greater than 3*19 per cent, ot 
their dry weight, the seeds heated at 96° C. for 12 hours germinated more promptly 
than the untreated seeds used for a check. This accelerated germination is not due 
to any wholesome effect of the treatment on the embryo of the seed, but is to bd 
attributed to changes in the seed coat which facilitate access of water to the embryo. 
JJaked embryos from treated seed germinate somewhat less promptly than treated 
embryos, but when seeds are germinated with coats intact, this effect is completely 
masked and amended by the favourable changes in the seed coat. 

16. The viability of the seed-borne elements of the anthracnose fungus was 
prolonged by storing infected seed over such desiccating chemicals as concentrated 
HgSO^ and CaO. This result shows that the death of the anthracnose fungus 
"when infected seeds are treated with dry heat is not due to the desiccation accom- 
panjdng the treatment but to a more direct effect of the heat on the fungus proto- 
plasm. The necessary preliminary desiccation serves only to prepare the seeds to 
endure the high temperature used in the final stage of the treatment. 

17. The thorough desiccation which occurs when cotton seeds are stored for 
long periods over concentrated H2SO4 and dry CaO, induces a condition of more 
or less complete secondary dormancy in many of the seeds. This condition is 
slowly reversible and is characterized by a very hard and dry condition of the seed 
coat which prevents absorption of water. The embryos of such seed germinate 
promptly upon removal of the seed coat. 

18. The storage of infected cotton seed in hydrogen and carbon dioxide does 
not free the seeds from anthracnose. 

ROOT^ROTTING DISEASES OF COTTON PLANTS. 

Two root-rotting diseases of adult cotton plants, previously unrecorded in the 
West Indies, have recently been found to affect several varieties at the Research 
Station of the Cotton Corporation in Trinidad. 

The imperfect stages of the two fungi causing these diseases both belong to the 
genus Rhizoctonia, One of the diseases which is popularly known as Root-Rot is 
caused by the fungus Rhizodonia hataticola (Taub.) Butler. This has been pre- 
viously observed causing a wilting of adult cotton in India and Egypt. It is also 
known on several other host plants in different parts of the world. 

Attempts have been made both in India^ and Egypt^ to reproduce the disease 
on adult cotton by inoculating plants with cultures of the fungus, but without 

^ Butler, E. J. Fungi and Disease in Plants, Thacker Spink and Co., Calcutta, 1918. 

• Briton-Joncfi, H. B. Myoologioal work in Egypt during the period 19804982. Min. 0 / dgri, 
Egypt, TecA. wnd Sc. Ser. Bvil 49 (1925). 
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fiuccdSB; This Daay ^ sxplauisd by the fact that Sawada^ in Japan, and Finlow* 
in India have shown that there is a definite correlation between potash deficiency 
in the soil and the incidence of the disease as it affects jute. Investigations are now 
being carried out to ascertain whether the above findings are applicable to the con- 
ditions under which the disease affects cotton in Trinidad. 

Both Shaw‘S and Sawada have, in view of their obtaining a pycnidial stage of 
tlie fungus, identified it as Macrophoma Corchori Saw. It is not proposed to go 
fully into the taxonomic history in this short note since Ashby has informed the 
writer in a letter that in view of his recent findings there is a likelihood of the fungus 
being given a fresh name in the near future. 

The second disease is known on several host plants other than cotton in Europe 
and the United States. It is generally known as Violet Root-Rot and is caused by 
Rhizoclonia Crocorum Pers. (D. C.). Duggar^ states that no well authenticated 
instance of the occurrence of this in South America, Australia, Asia, or Africa has 
come to his attention. So far as is known the fungus has not been previously re- 
corded on the cotton plant elsewhere. 

Field observations in Trinidad show that the following varieties of cotton are 
susceptible to the diseases : — 


Rhizoclonia Crocorum (Pers.) P. C. 

1 

Rhizoclonia bataiicola (Taub.) Butler. 

Nanking. 

Nanking. 

Dharwar- American. 

Dharwar-Americaii. 

Broach Type {0. herbaccum) IA9. 

Sea Island A. N. 

Sea Island A, N, 

Cawnpore {G. arboreum). 

Million Dollar. 

Buri from Nagpur. 

Upland Cassava. 


The following figures show the extent of the diseases in a i)lot one half of which 
had been given a dressing of pen manure before sowing : — 


Manured 

1 Unmanurcd 

Number of healthy plants , 

87 

Number of healthy plants . 

91 

Number of diseas^ plants . 

nil 

Number of plants with B. Crocorum 

20 

1 

Number of plants with R. bataiicola 
Number of plants with R. Crocorum and 

1 




R* bataiicola ..... 

5 


^Sawada, K. Agric, Exp* 8L QovL of Formosa Bull* 107, Nov. 1916 (Japanese). Mgcologia, 
Yol XI, p. 82, 1919, 

■ Shaw, F. J. F. Studies in diseases of the Jute plant. (2) MacropJioma Corchori Saw. Mem* 
D, of Agri. India, Bot 8er., Vol XIII, No. 6, Sept. 1924. 

*l)ii|^ar, B. Id. Bhixoctonia Crocorum (Pers.) D. C. and E. Solani Kuhn {Corticium vagum B. 
ahd 0.) with notes on other speoies. Au%, Mias. Bet* Edn. 2, 403’458 ; Sept. 1915, 
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la another plot which had not been given any manuring 3 per cent, were affected 
with R, bataticola and 1 per cent, with R. Crocorum. [Trap. Agri,, IV, No. S.J 


IMPERIAL INSTITUTE. 


We have received the following from the Director, Imperial Institute, London : — 

You are no doubt aware that considerable changes have been made in the organi- 
zation of the Imperial Institute as a result of the recommendations of Mr, Ormsby 
Gore’s Committee of Enquiry, which were approved by the Imperial Economic 
Conference in 1923. 

Under the provisions of the Imperial Institute Act of 1926, the Institute has been 
placed under the control of the Department of Overseas Trade, and the Parliamen- 
tary Secretary of that department is the responsible Minister and Chairman of the 
Board of Governors. The work of the Institute, as regards Intelligence and In- 
vestigations, is now organized under two principal departments, viz., a Plant and 
Animal Products Department and a Mineral Resources Department (in which 
has been incorporated the late Imperial Mineral Resources Bureau), and a repre- 
sentative Advisory Council has been appointed for each of these groups. 

The Advisory Council on Plant and Animal Products, of which Sir David Prain, 
C.M.G., C.I.E., F.R.S., is the Chairman, was formed in March 1926, and its principal 
functions are to advise on all matters relating to the utilization of these groups of 
Empire raw materials and to initiate schemes of work which might be undertaken 
by the Institute. In order to facilitate this work the Council has appointed a number 
of Advisory Technical Committees to deal with special subjects on the lines of the 
Institute Committees on Silk and Timbers which were established in 1916. The 
Committees at present constituted are as follows : — 


Subject 


Chairman 


Silk 

Timbers , 

Vegetable Fibres 
Animal Fibres . 

Oils and Oil-seeds 
Essential Oils and Ecsins 
Tanning Materials . 


Sir Frank Warner, K.B.E. 

Mr. H, D. Searles-Wood, F.R.LB.A. 
Mr. Alfred Wiggles worth. 

The Hon. Sir George Fairbairn. 

Dr. A. W. Hill, C.M.G., F.R.S. 

Mr. A. Cha^ton Chapman, F.R.S. 

Sir David Prain, C.M.G,, C.I.E., F.R.8, 


Committees on other products will be formed as and when required. 

Each of these Committees has a member of the Advisory Council as Chairmaui! 
and includes scientific and technical authorities as well as representatives of the 
trades and industries concerned in the particular group of products. 

Since 1913, investigations of plantation rubber have been carried out at the 
Institute on behalf of the Ceylon Rubber Research Scheme. The necessary facili- 
ties, including adequate laboratory accommodation, have been provided by the* 
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Institute, anrl the work is conducted by a specially appointed staff under the direction 
of the London Committee of the Scheme, of which Mr. P. J. Burges, M.A., is the 
Chairman. The investigations deal with problems relating to those properties 
of plantation rubber and its industrial utilization which can best be studied in this 
country in close association with manufacturers, representatives of whom are mem- 
bers of the Committee. 

The Advisory Council on Plant and Animal Products and its associated Technical 
Committees, in conjunction with the Intelligence and Laboratory Sections of the 
Department, constitute an organization designed to obtain authoritative opinions 
on all questions relating to the production, utilization and marketing of Empire 
raw materials of plant and animal origin, and it is hoped that your department 
will continue to make the fullest use of the facilities offered. The Council and the 
Committees are anxious to assist in developing the resources of the Empire and will 
welcome enquiries on any subjects, and samples of any products, which may be 
under consideration by your department. 

The work of the Institute would, I feel, be greatly benefited if you and the 
members of your staff were able to visit the Institute when in this country in order 
to discuss the various problems in wdiich your department is interestf.*d. Arrange- 
ments could then be mdde, if you or your officers could spare the time, for their 
attendance at meetings of the Advisory Council or appropriate Committees. The 
personal contact thus established could not fail to be of the greatest value in promot- 
ing the objects we all have in view. 

As an illustration of the valuable services which the Technical Committees can 
render to the Colonies, I would refer to the article by Mr. Norton Breton on The 
Cyprus Silk Industry, which appeared in the '' Bulletin of the Imperial Institute,^' 
No. 3 of 192G. The establishment of the silk filature in Cyprus is the direct outcome 
of several years’ careful work by the Institute's Advisory Committee on Silk. 

The Institute is now in close touch with Government departments and other 
institutions engaged in research, and materials requiring scientific investigation, 
or specialized enquiries, are at once passed for action to the appropriate body. The 
Institute thus acts as the central clearing house for enquiries from all parts of the 
Empire in accordance with the recommendations of Mr. Ormsby-Gore’s Committee. 

It is the desire of all connected with the Institute to assist to the utmost in 
developing the natural resources of the Empire, and for this purpose it is essential 
to secure the co-operation of the technical departments overseas — a co-operation 
on which I feel sure we can count. 



Personal Notes, Appointments and Transfers, 
Meetings and Conferences, etc. 


Mr. G. S. Bajpai, C.I.E., C.B.E., I.C.S., has been appointed to officiate as Secre- 
tary to the Government of India in the Department of Education, Health and 
Lands, from 16th December, 1927. 

P 


Mr. a. B. Reio, I.C.S. , has been appointed temporarily Joint Secretary to the 
Government of India in the Department of Education, Health and Lands, from 
loth December, 1927. 

ii 


Mr. a. M. Mustafa, B.A., Agronomist, Agricultural Research Institute, Pusa, 
has been appointed to officiate as Agricultural Officer, North-West Frontier Pro- 
vince, mce Mr. W. Robertson Brown granted leave. 


Mr. R. D. Anstead, M.A., C.I.E., Director of Agriculture, Madras, has been 
granted leave from 4th January to 19th February, 1928, with permission to prefix 
the Christmas holidays. 

fa 


Mr. G. R. Hiu.<K)n, B.Sc., has been appointed to officiate as Director of Agri- 
culture, Madras, rice Mr. Anstead on leave. 


Mr. R. C. Broadpoot, N.D.A., has been appointed to officiate ns Cotton Spe- 
cialist, Madras, yiee Mr. Hilson on other duty. 


Mr. C. Naratana Ayyar has been placed in charge of the office of the Deputy 
Director of Agriculture, VI Circle, Madras, vice Mr. Broadfoot on other duty. 
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Mb. D. a. D. ArrcuisoN, M.R.C.V.S., Vetoriuary Advisor to th« Government 
of Madras, has been granted leave from 21st November, 1927, to lUtli May, 1928, 
preparatory to retirement. 

* * SfMfll 


Mil. F. Ware, F.R.C.V.8., Principal, Madras Veterinary College, has been 
appointed to act as Veterinary Adviser to the Government of Madras, vice Mr. 
Aitchison granted leave. 


Mr. S. D. Josni, B.Sc., Research Assistant to the Plant Pathologist, United 
Provinces, has been appointed a Deputy Director of Agricnlture in a temporary 
capacity for six months, and is posted to the Hills Circle with headquarters at Jeo- 
likote. 


Mr. W. Grkcjson, N.D.A., Deputy Director nf Agiiculture, NorthcJii Circle, 
Burma, has been granted leave on average pay for 8 months from 7th Novcml'er, 
1 ^) 27 . 

m 


On return from leave, Mr. D. Rhino, B.Sc., is posted to Mandalay as Economic 
Botanist, Burma. 



REVIEWS 


Economics of Agricultural Progress— By Professor B. G. Sapre, Willingdon 

College, Sangli. 

The first three chapters of this volume are devoted to an examination of the con- 
ditions underlying agricultural prosperity and to a discussion on the interdependence 
of industrial and agricultural progress in India. Although dealing with much 
matter that is controversial, Prof. Sapre has presented a reasoned and readable 
defence of the economic views which he upholds. By way of criticism, it may be 
suggested that the evident suspitnon with which he views every effort made by 
Government to inaugurate and develop material schemes of improvement in India 
as being “ primarily viewed from the point of its bearing upon British trade and 
only incidentally, of its bearing upon the happiness and prosperity of the people 
is hardly consistent with the authors repeated demand for increased Government 
intervention and help which is made vocal in nearly every chapter of his book. 
Furthermore, it is difficult for anyone with a knowledge of the work done by the 
Indian Central Cotton Committee to believe that the cotton mill industry ‘‘ has little 
value from the point of view of the development of the country, ” or that “ the 
industry does not convert raw produce into a manufactured article but only faci- 
litates and cheapens the export of the raw produce itself.’’ However, there is much 
in these chapters which will stimulate the student of agricultural economy in India 
and which is worthy of careful consideration by all interested in Indian agricul- 
ture. 

In the remaining portion of his book, Prof. Sapre examines the problems of 
irrigation, fragmentation of holdings and agricultural debt with special reference 
to the Bombay Deccan. All these chapters are interesting and, although we do 
not agree with many of the author’s conclusions, we cannot fail to appreciate the 
value of his arguments and their able presentation to the reader. In his obvious 
desire to emphasize the ‘‘ sins of omission and commission ” of Government, the 
author has a tendency to overlook certain important facts bearing on the problems 
he is discussing. For instance, in his anxiety to shoulder Government with the main 
responsibility for the decay of well and patasthal irrigation in the Deccan, no mention- 
has been made either of tlic rapid increase of dry cotton cultivation as the chief 
money crop or of the inevitable ruination of recuperative sources due to over-use 
of such forms of irrigation in the past. In our opinion, either of these factors alone 
has been of much greater importance in bringing about the present state of affairs 
than the small charges levied by Government on such forms of irrigation. Pro- 
fessor Sapre’s chapter on Consolidation and Liquidation ** is well worthy of 

( 68 ) 
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perusal, and his review of the methods which have been tried in dealing with these 
problems is most interesting and valuable. 

Ip his last chapter, Prof. Sapre has endeavoured to give a few suggestions and 
recommendations for future progress. We are candidly not impressecl by this por- 
tion of the book which does little but summarize a few of the main points which will 
be placed before the Royal Commission on Agriculture in India by every witness 
with any knowledge of Indian agriculture. The author lays great stress upon the 
provision of pure seed to the cultivator, but, curiously enough, ho has little if any- 
thing to say about the extension of improved methods of cultivation, without which 
tlie introduction of pure seeds, manures, better implements, etc., can only bring 
a very depreciated return to the cultivator. Similarly, in our opinion, the knowb 
edge of how to (jrow the crop is of much greater value than the knowledge of how 
to save it, important as the work of mycologists and entomologists in India must 
always be. 

The exhortation with which this interesting book is prefaced is a very potent 
apj)eal to all lovers of India and her rural population, and forms an inspiring pro- 
logue to a volume wliicli, while calling forth criticism, is nevertheless a useful con- 
tribution to India's agricultural and economic literature. [W. J. J.J 


Popular Zoology (in Marathi). By Vishnu Narayan Gokhale, B.Ag., B.So., 
AND Vasudkv Ganesh Despande, B.Ag. Price, R 1. 

We have previously in these pages drawn attention to recamt useful publications 
in the scientific vernacular literature of the Bombay Presidency. The volume under 
review is the most recent of these and is exceedingly valuable as a text-book for 
nature study in the schools. It is of a handy size, moderate in price and has ad- 
mirably drawn original illu.strations. In fact we do not remember to have seen a 
recent [)opular science book so well illustrated. The drawings are the work of an 
Indian artist. The authors are two of the younger staff of the Poona College of 
Agriculture, and we trust that they will continue to put forth books of similar 
quality and that the response by the public as shown in the sales of these books will 
be satisfactory. [ W. B.] 



CORRESPONDENCE 


VARIABIUTY IN THE GINNING PERCENTAGES IN CROSSES OF INDIAN 

COTTONS. 


To The Editor, 

The Agricultural Journal of India, 

Sir, — 1 Bhould be glad if you would allow me to offer certain remarks 
regarding the very interesting article contributed by Mr. Rama Prasada on the 
above subject to the January (1927) Number of the Journal. 

AVhile appreciating very highly the material presenk^d by the author, in one or 
two matters I do not think his data bear the interpretation which he lias placed 
u])on them. His statement that there is a gradual rise in the ginning percentage 
as the result of selection is not, I think, justified by his facts. For example, a 
cross between Gossgpium negleclum and Gossgpium arhoreum yielded one plant in 
1911 which ginned 31 per cent, and was desirable in all res|>ects except that of 
ginning |)ercentage. Twenty individuals raised from this plant gave, in the 
following year, an average of 29*6 per cent, ginning. The variation which is shown 
in Table I, line 2, indicates, in fact, that this plant bred true to low ginning 
character. 

If we now examine the figures in the table quoted on which the statement as 
to the gradual improvement in ginning percentage is made, it will be seen that the 
average ginning percentage does show an increase which might be said to be gradual. 
Tlie character of the variations in 1913, 1914, and 1915 shows quite differently 
from that of 1912, and the variability is himodal in each case. In the year 1914 
there is distinctly one mode at 32 per cent, ginning and another at 37 per cent, 
ginning, which shows clearly that we have in this case an intermingling of high 
and low ginning strains. This intermingling in the progeny of a low ginning strain 
can only be explained by natural crossing with a high ginning cotton. The im- 
provement in ginning percentage from 29 to 37 is much more likely to be due, 
therefore, to crossing with a high ginning cotton than to selection alone as suggest- 
ed by Mr. Rama Prasad. 


Dharwar. 
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Yours faithfully, 

G. L. KOTTUR, 
CoUoi% Breeder^ S.if.O. 
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] . Soil and Civilization ; A Modern Concept of the Soil and the Historical Develop- 
ment of Agriculture, by Milton Whitney. (Library of Modern Sciences.) 
Pp. x-t-278+5 plates. (London : Chapman and Hall.) Price, 16s. 

2. Sheep Production, by L. J. Horlacher. Pp. x+418. (London : McGraw 
Hill Publishing Co.) Price, 20«. net. 

)). Animal Nutrition, by T. B. Wood, Second edition. Pp. viit+ 22(». (London ; 
University Tutorial Press.) Price, 3^. 6d. 

The following publications have been issued by the Imperial Department of 
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Memoirs 

1. Pennmtmn typhoidmm : Studies on the Bajri Crop, I— The Morphology of 

Pennisetum ti/phoule‘Km, by S. V. Godbole, M.Sc., B.Ag. (Botanical l^rieg, 
Vol. XIV, No. 8.) Price As. 1 2 or D. 3d. 

2. Studies in Khandesh Cotton, Part I, by S. H. Prayag. M.Ag. (Botanical Series, 

Vol. XV, No. 1.) Price, Re. 1-4 or 2s. 3d. 

3. The Chemotherapy of Surra (Trijpanosorna eransi Infections) of Honses and Cattle 

in India, by j. T. Edwards, D.Sc., M.R.C.V.S. (Veterinary Series, Vol. IV, 
No. 1.) Price, Rs. 4-2 or Is. 

4. Studies in Bovine Lymphangitis, by V. Krishnamurti Ayyar, (Veterinary Series, 

Vol. IV, No. 2.) Price, Rs. 1 3 or 2s. 

Bulletin 

6. Seasonal Variation in the Germ Content of Milk at Pusa, by ,T. H. Walton. M..4., 
M.Sc. (Pusa Bulletin No. 170.) Price, As. 0 or 8d. 

Reports 

6. Scientific Reports of the Agricultural Research Institute, Pusa (including the 
Reports of the Imperial Dairy Expert, Physiological Chemist, Government 
Sugarcane Expert, and Secretary, Sugar Bureau), for the year 1926-27. 
Price, Rs. 1-14 or 3«. 3d. 
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ORIGINAL ARTICLES 

THE IMPKKUL AURICHLTUEAL EESEAECH CONFERENCE. 


BY 

F. J. F. SHAW, D.Sc. (Lond.), A.R.C.S., F.L.S., 

Offg. hnperial Economic Botanist ^ Pusa^ 

The Imperial Agricultiiral Research Conference was held in London during 
October 1927 and was attended by delegates from Great Britain and the Overseas 
territories of the British Empire. The Conference met in the Grand Committee 
Room of the Houses of Parliament, amid the historic associations of the Palace of 
Westminster, under the able chairmanship of Lord Bledisloe. The object 
of the Conference was the consideration of the means whereby agricultural research 
all over the Empire could be developed, and more particularly whether the creation 
of central organizations for the dissemination of information or for the conduct 
of research would result in an improved liaison between research workers all over 
the Empire and a consequent greater unity of effort and more rapid advancement 
in research. The Conference, it will become apparent, has done its work well and 
if its many recommendations and proposals are effectively endorsed by the various 
Empire Governments we may look for a great record of achievement in agricul- 
tural research in the British Empire in the immediate future. 

The first subject considered by the Conference was the proposed chain of research 
stations in the tropical and sub- tropical colonies of the Empire. This subject was 
discussed at the Imperial Conference in 1926 and this Conference passed a resolu- 
tion expressing its cordial approval of The project of fostering a chain of research 
stations situated in the tropical and sub-tropical parts of the Empire, and com- 
mending this project to the sympathetic consideration of Governments, Institutions 
and private benefactors throughout the Empire.’’ The Colonial Office Confer- 
ence of 1927 accepted the necessity for a chain of group research stations through- 
out the Empire” and pointed out that for this purpose the Colonies fell into the 
following groups : — West Africa, East Africa, West Indies, Far East and Middle 
East. The Governments of the Empire have thus unanimously agreed that 
measures should be taken to establish an Empire chain of research stations on 
tropical and sub-tropical agriculture, and the Imperial Agricultural Research Confer- 
ence was also in cordial general agreement with the proposed scheme and was unani- 
mous in laying down certain broad general principles concerning the establishment 
and nature of the proposed stations. The Conference considered that the estab- 
lishment of central tropical and sub-tropical research stations should be governed 
primarily by the ascertained needs of Empire research in particular fields of agri- 
culture, rather than by considerations of geographical distribution. Stations for 
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dealing with problems suitable for such treatment should be located in territories 
aSording specially advantageous conditions for the study of each such problem. 
It was also the unanimous opinion of the Conference that the stations should, in 
the main, confine themselves to “ long range ” and wide range research, i.e?., 
that they should concentrate on {a) problems requiring more prolonged research 
work than can normally be expected from the technical staff of any single adminis- 
trative department ; (6) problems arising in more than one territory of the Empire 
towards the solution of which the comparative method may be expect(Mi to make 
an effective contribution. In accordance with these principles it is probable that 
a central research station will have some special branch of research as its main 
function and the Conference urged the establishment at an early date of research 
stations in diseases of animals and in irrigation. The Conference also emphasized 
the importance of preventing the establishment of a central res^Mirch station from 
being allowed to impair or replace the sci<mtific work properly undertaken by the 
Agricultural Department of any Government in its proximity. It conceived the work 
of such stations as a re-inforcement of the local Agricultural Depart-meiits and in 
no sense as a substitute for their work. The work undertaken by a central research 
station would from time to time enable it to afford valiial)le advice to Agricultural 
Departments in its neighbourhood, but the Conference did not consider that it should 
be regarded as a function of a central station as such to provide such advice, except 
as the direct result of its research activities. This conclusion, however, was not 
to be taken as debarring a central station, in spe(ual conditions such as those of 
the West Indies, from being treated as a convenient base of operations for a travel- 
ling advisory staff. The Conference was most emphatic that a research station 
as such should not be expected to undertake any teaciiing work except insofar as 
the advanced instruc^tion of a limited number of })ost-graduate students could be 
undertaken with advantage to the research work in progress. 

At the present moment when the relationship of central research bodies to local 
Agricultural Departments is a matter of such interest in India it is worth noting 
how closely the objects and functions which the Conference considered appropriate 
for the proposed central research stations agree with those which have been carried 
out in the past by the central research stations maintained by the Government 
of India. The proposed scheme for a chain of research stations is one of great impor- 
tance for India since within the boundaries of the Indian Empire there are realized 
practically all the conditions of soil and climate which prevail in the tropical parts 
of the Colonial Empire. The work carried out in the proposed stations in the colo- 
nies would have a wide application and would inevitably be of use to India just as 
the results of the research in agriculture in India during the past 30 years are proving 
of utility to agriculture in many tropical and sub-tropical agricultural regions 
outside India. It is in the field of long range research work in tropical conditions 
that the present organization of research work is largely deficient. In most tropical 
countries agricultural departments and research institutions wherever organized 



THE IMPEmAL AaRlCtrii^rX^RAL RESEARCH CONFERENCE 


75 


are maintained almost solely by the State or by particular industries. Examples 
of the last arc furnished by the Scientific Department of the Indian Tea Association 
and the Rubber Research Institute in Malaya. Problems of immediate and some- 
times temporary importance are forced to the notice of State Agricultural Depart- 
ments and institutes maintained by industrial or planting organizations and it is 
difiicult in these circumstances for the research worker to devote continuous atten- 
tion to fundamental problems, yet much of the direct research work which is done 
by such institutes derives its inspiration and direction from ong range research 
work previously conducted. In India we may congratulate ourselves that the 
provision for long range research on fundamental problems has in the past been 
greater than that in any other of the tropical and sub-tropical parts of the Empire* 
At the present moment the only research stations in the Empire of an inter-colonial 
character are those at Trinidad and at Amani in Tanganyika Territory. The reali- 
zation of a complete chain of Empire research stations must inevitably be slow 
owing to the shortage of qualified research workers available for the stalling of the 
stations of this kind. 

So large a part of the tropical and sub-tropical areas of the British Empire lies 
wuthiu the Colonial Empire, that a majority of the stations proposed must be looked 
for in colonial territories. Stations mil, however, come into existence in the Domi- 
nions and at the present moment the Commonwealth Government, in consultation 
with the hmpire Marketing Board, are planning a research station in Northern 
Queensland of which the capital cost and the maintenance expenditure would be 
shared equally by the Empire Marketing Board and the Australian Government. 
The Conference recognized that any extension of the chain of Empire research 
stations to include the Dominions and India must be a matter for further con- 
sideration by the Governments concerned and that the control of any such 
station must be vested in the overseas government of tlie territory in which it is 
established. 

Tiie Conference devoted several sessions to the considiTation of how far it is 
])racticable to make arrangements on an Imperial basis for tb(‘ recruitment, training 
and interchange of research workers in agriculture. The Coufereuct* concluded that 
recruitment and post-graduate training wert> not apjuopriate subjects for organi- 
zation on an Imperial basis and therefore dealt with these subjects primarily in 
connection with the Colonial Empire. The Conference urged the establishment 
of a unified Colonial Agricultural Servi(‘e wdtli a common system of emoluments, 
promotion and super- annuation. The method of recruitnuuit and the academic 
standard which would be required of candidates for a Colonial Agri(’ultural Service 
were considered by the Conference which in general approved of principles similar 
to those on which the Indian Agricultural Service has been n'cruited. That at the 
present time a project for the unity of the agricultural service in the w idely sepa- 
rated and diverse territories of the Colonial Empire should be unanimously approved 
by the most representative gathering of Empire agi icultural research workers which 
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has ever met is not without its lesson for India, which, in comparison with the Colo- 
nial Empire, forms a relatively homogeneous area. 

Perhaps the most important and certainly the most difficult of all the subjects 
before the Conference was that relating to the interchange of scientific information 
and the possible increase in the number of Imperial Bureaux. The Research Special 
Sub-Committee of the Imperial Conference of 1926 referred to the great value of 
the work of the Imperial Bureaux of Entomology and Mycology and suggested 
‘‘ further bureaux of a similar kind might well be established in other sciences as 
the need for them is realized and the constituent parts of the Empire agree to their 
establishment It was the task of the Imperial Agricultural Research Conference 
VO consider how far the need for new bureaux was felt throughout the Empire and 
how the creation of such bureaux would facilitate the interchange of scientific infor- 
mation among Empire research workers. 

From discussions in the plenary sessions of the Conference and from the reports 
of the various committees of the Conference, which were established to deal with 
technical subjects, it became apparent that, while the full bureau organization might 
be desirable for certain subjects in the case of many branches of agricultural science, 
a smaller and less expensive type of organization would meet the requirements 
of workers. The Conference, therefore, recommended that new and complete 
bureaux should be established for the subjects of Soil Science, Animal Nutrition 
and Animal Health, and that smaller ‘‘ clearing stations of information ’’ or “ corres- 
pondence centres ” should be established for Animal Genetics, Agricultural Para- 
sitology, Plant Genetics and Fruit Production. In defining the function of a bureau 
or correspondence centre, the Conference stated that the functions of a clearing 
station should be to collect, collate and disseminate information of a scientific and 
technical character ; to reply to enquiries on scientific and technical problems from 
agricultural departments and scientific workers in any part of the Empire ; and 
particularly to facilitate intercourse among groups of workers on closely allied 
problems. As a clearing station, whether a full bureau or a correspondence centre, 
would have as one of its main fimctions the collection and dissemination of infor- 
mation, it was considered that the most suitable location for a chiaring station would 
be where a body of information, a staff of workers and the necessary scientific atmos- 
phere already existed, i,e., in proximity to or in connection with an existing research 
institution. The simplest and the most economical method of establishing a station 
is, therefore, so to add to the staff of an existing research institution as to enable it 
to undertake the additional duties imposed upon it. On general principles, the 
Conference recommended the establishment of clearing stations in small numbers 
and on a modest scale as it was believed that only through experience could the best 
results be obtained. 

In the case of the new bureaux the Conference recommended that the Bureaux 
of Soil Science should be attached to Rothamsted and that the Bureau of 
Nutrition should be attached to the Rowett Research Institute, Aberdeen, With. 
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regard to Animal Health, the importance of this subject appeared to the Conference 
to be so great that the immediate establishment in London of a bureaux to deal with 
this subject was recommended. The new bureaux would include and absorb the 
section dealing with tropical animal diseases at present contained in the Bureaux 
of Hygiene and Tropical Diseases, and would have the advantage of the facilities 
available at the Natural History Section of the British Museum, which have been 
so fruitful in the case of the Bureaux of Entomology and Mycology. 

There was undoubtedly in the Conference a feeling that of all the new bureaux 
and correspondence centres the most important and urgently required was that 
of Animal Health. The technical committee of the Conference which considered 
this subject and which had the advantage of the presence of Sir Arnold Theiler in 
the chair, reported that '' If there is (»ne need which our meetings and delibera*- 
tions have emphasized more than anything else, it is the need for a central organi- 
zation of some sort that may act as a clearing house for information relatiu^ to 
animal health, and serve as a connecting link between our various workers through- 
out the Empire. The collection, collation and dissemination of information alone 
is not, however, sufficient for our needs. It is also necessary that our workers, 
and those of us in particular who work in isolated districts, should have a central 
organization that may be approached when there is need of information or advice 
on particular problems. 

‘‘ We propose to give brieOy a few concrete examples of the disadvantages under 
winch our workers have suffered in the past through the lack of a common centre 
0 ^* information. 

(1) In the sixties the pastoral industry of Australia and New Zealand was 

faced with ruin through the ravages of sheep-scab Steps taken by 
the authorities to deal with this disease were so successful that in the 
course of a few years “scab” w«s completely eradicated ; and the 
flocks of the Commonwealth and of New Zealand have remained 
free ever since. There is no record published of the exact procedure 
which brought about this excellent result. ‘ Scab ’ is still prevalent 
in many other parts of the Empire, and the experience of Australia 
and New Zealand might have been invaluable in combating the disease 
in other countries. 

(2) In the eighties, pleuro-pneumonia was imported into South Africa in 

Angora goat-a, and was successfully treated and eradicated by 
Hutcheon by a method of inoculation. The details of the method 
adopted were not made public, and are lost to science. 

(3) Active campaigns for the elimination of tuberculosis are being prosecuted 

at present in several different countries. This disease is of direct 
importance to many parts of the Empire, and it is most desirable 
that the fullest possible information both as to methods adopted 
md the results achieved iu different countries^ should be made avail- 
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able for the benefit of all our workers. Further, the results of the 
researches on immunity and vaccination now being carried 
on in various parts of the world, would be particularly valuable in 
combating this scourge. They are being tested in different parts 
of the Empire, and with fuller information it should be possible to 
secure such co-operation as would ensure the most thorough testing 
of the methods without unnecessary everlapping. Similarly, methods 
for the diagnosis of tuberculosis vary considerably and a rapid inter- 
change of information in this connection is necessary. 

(4) Contagious abortion is causing very serious economic loss at present 

practically throughout the Empire, and it is highly desirable that 
the methods of control and diagnosis now in operation and the 
progress made in the various parts of the Empire should be widely 
known. 

(5) To take a recent example, we might instance the dearth of knowledge 

in this country regarding foot-and-mouth disease when a Committee 
was appointed in 1924 to investigate this disease. Despite the fact 
that Continental workers had been probing the problem for many 
years, there was no bibliography of their recorded work and much 
valuable time had to be spent in searching for reports of previous 
workers.’’ 

(6) This report which also elaborates the type of organkation and the finan- 

cial provision required was unanimously adopted by the Conference. 

The recommendations of the Conference on the subjects of bureaux and inter- 
change of information constitute what is perhaps the most direct and practical 
contribution which the Conference has made to the fuxtherence of agricultural 
research within the Empire. These recommendations express the feeling in the 
Conference, which grew stronger as the Conference drew to its close, of the paramount 
importance of co-operation in agricultural research and of the close dependence 
of the progress of research in one part of the Empire on the results achieved and 
investigations in progress in another part of the Empire. It is with the object of 
ensuring easy intercourse between groups of workers in allied problems and the 
collection and dissemination of information upon important technical subjects that 
the Conference has proposed three new bureaux and four correspondence 
centres. 

The Conference on many occasions during its meetings gave expression to its 
sense of the importance of periodical conferences of research workers and a sugges- 
tion was put forward, and approved by the Conference, of a regional conference 
of research workers of the dependencies and territories of the Empire in the Far 
East. In such a conference India’s place as the largest and most densely popu- 
lated territory of the Empire in the East would be of the first importance. An 
invitatif'n from the Commonwealth Government that the next meeting of the 
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Conference should be held in Australia was enthusiastically accepted by the 
Conference. 

It is impossible within the limits of an article in this Journal to do justice to 
all the activities of this Conference. In addition to the important administrative 
subjects which have been dealt with in this article, many technical subj<"cts were 
considered by specialist committees, consisting of experts in these particiifar sub- 
jects. The reports of these committees mostly dealt with the formation of bureaux 
and correspondence centres and were adopted by the Conference proving of great 
assistance to the Conference in the framing of idle general policy on bureaux and 
the interchange of infonnation. Two subjects, Mycology and Entomology, were 
fortunate in already possessing established and highly successful bureaux and the 
committees on the subjects were therefore able to devote their attention to more 
technical matters. The Mycological Committee gave an entire session to the problem 
of virus diseases which are the cause of heavy loss in many crops all over the world. 
The Committee unanimously recommended that special funds and staff should 
be provided for the extended study of the fundamental nature of virus diseases 
in plants. The heavy loss which India suffers in the sugarcane and other crops 
makes this country a very suitable area for investigations of this nature. 

The Conference toured to Cambridge, Edinburgh, Aberdeen, Belfast, Botham- 
ated, the Imperial College of Science and Technologj'' and many other centres, and 
the delegates were thus able to inspect the principal centres of agricultural research 
in Great Britain, Perhaps the most interesting and cert.ainly the most unique 
institution visited was the great works for the manufacture of synthetic ammonium 
sulphate and other fertilizers of Messrs. Bnmner, Mond and Co., at Billingham. 
It is due to these works that Great Britain is the second largest producer of com- 
bined nitrogen in the world, and should shortly become independent of any imported 
supply. In addition to the scientific staff necessary for the successful working of 
its manufacturing processes the company maintains a research laboratory and 
is establishing an Agricultural Research Station to which is attached a farm of 400 
acres. Its object is to explore and if possible solve the many fresh problems to 
which the new fertilizers are giving rise. 

The Imperial Agricultural Restwch Conference was unique in being the first 
gathering, representative of all parts of the Empire, of research workers in the oldest, 
greatest and most fundamental industry of Great Britain and her Overseas Empire, 
The mere fact that such a Conference has been held is a recognition of the impor- 
tance which all governments within the Empire are attaching to" research and above 
all to agricultural lesearch. At the present moment, when the organization of 
agricultural research in India is one of the great problems before the country, the 
unanimous recommendations of this Empire’'" Conference for"*^a unified system of 
recruitment for a Colonial Agricultural Service, for a closer liaison bet'ween research- 
workers in different parts of the Empire and for a central research organization 
for the ^t^dy of fundamental problems, point out the path of progress. 
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Pabbiyard manu e, the excrement of domesticated animals, plus Utter and 
other organic refuse, is the common manure wherever the fanner is civiUzed enough 
to use manure at all. This of course appUes to India, where farmyard manure is 
certainly the principal and, in most tracts, the only fertilizer used by the cultivator. 
Unfortunately with the increase of population and the lessening of jungle areas, the 
supply of fuel has correspondingly contracted, and dried cattle dung is now in 
common use as a substitute fuel aU over India. On burning the cowdung, its ash 
constituents remain and are not necessarily lost, though the latter must be the case 
in all urban areas. In any case, the whole of the nitrogen, the most valuable consti- 
tuent, and the organic matter, which has so profound an effect on the physical 
condition of the soil, are both volatilized and dissipated into the air. 

Other manures, such as cakes, bone and mineral manures, may be substituted 
for farmyard manure, but none are so uniformly satisfactory. Moreover, even if 
they were not more expensive, the fact that they cost money is sufficient to severely 
restrict their use by the ordinary ryot, especially in North-Eastern India, where 
holdings are so. small and where floating capital does not exist. 

It has thus become exceedingly important to discover some cheap and effective 
way of making up for the great loss of valuable cattle dung which the present position 
in regard to fuel renders necessary. The following is a short account of work which 
has been done on the subject at the Government Central Research Station at Dacca 
and the results which have been obtained. 

Investigations into the process of retting of jute, and into the decomposition of 
damp baled jute, were commenced by one of us before 1910. In 1916 Hutchinson* 
showed that controlled decomposition of sann-hemp green manure increases its 
efficiency. Later the writers’ work on jute was extended to straw, sisal waste and 
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green manure. It should be explained that sisal waste is typical of the mass of 
parenchymatous tissue obtained in the decortication of sisal and other leaf fibres. 
In the initial stage of the retting of jute, also in the bacterial decomposition 
of sisal waste, a copious acetic acid fermentation takes place. Later the acidity 
diminishes and apparently vegetable proteids and other complex organic nitrogen 
compounds are decomposed with formation of ammonia, which is found later in 
the residue as ammonium acetate. In the* decomposition of Indigofera and pro- 
bably also in the case of other Leguminosa), a somewhat similar reaction takes 
place, but there is less initial acid formation and the residue in the final stage is 
distinctly ammoniacal. Simultaneous experiments showed that in bacterial fer- 
mentation of extracted fibres and previously dried cellulosic organic matter, such as 
straw, or sugarcane begasse, nitrogen gas, with varying proportions of marsh gas 
(CH4), hydrogen and carbonic acid (CO^), is liberated. In other words, the pro- 
cess of decomposition in these cases is that known as denitrification. This is entirely 
in accord with Hutchinson's observation at Pusa that, with green manure, it is 
the leaf rather than the stem or the nitrogen accumulated in the root of a green 
manure which ultimately immediately affects the fertility of the soil to which the 
green manure is applied. On the other hand, although the decomposition of fibrous 
matter involves loss of nitrogen, there is evidence that this process is responsible 
for the production of humus in the soil. Further work by the writers shewed that 
moisture conditions in the soil at the time of ploughing in a green manure pro- 
foundly influence its beneficial effect. The results indicate that in a water-logged 
soil, such as would be encount(*red in the monsoon in a wet climate like that of 
North-Eastern India, almost complete decomposition of the green manure takes 
place, within a very short }>eriod, with the result that little or no fertilizing effect is 
produced. On the other hand, if the green manure is turned in, in conditions of 
moderate soil moisture, either before or just after the monsoon period, the effect 
of the green manure is considerably enhanced. This is by the way, and it is neces- 
sary to return to the subject of the present communication. 

In 1921, Hutchinson and Richards, in collaboration with Lord Blveden at 
Rothamsted, England, published results of experiments, conducted with a view to 
assisting the re-inforcement of the supply of farmyard manure in England. The 
conclusions of Hutchinson and Richards were much the same as those detailed above ; 
but, in addition, they placed on the market a substance called Adco," containing 
nitrogen and phosphates, and supplied by Messrs. Shaw Wallace & Co. of Calcutta, 
which facilitates the decomposition of organic refuse into valuable manurial material. 

In view of the valuable practical lead given by Rothamsted, and in extension 
of their own former work, the writers proceeded to attempt the manufacture of 
artificial farmyard manure on a considerable scale. Cattle urine and washings 
from the cattle sheds collected in a sump, plm a small amount of boneme^l, were 
used and immediate success was obtained. Weeds, jungle grass, sugarcane trash 
and begasse, refuse straw, etc., all proved capable of breaking down into excellent 
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manurial material approximating more or less closely in appearance and in composi- 
tion to that of cowdung. In the present year it is estimated that about 4,000 
maunds (say 150 tons) of first class manure have been made at the Central Kesearch 
Station at Dacca, from material of which, formerly, the greater proportion wai3 
wasted. It may be added that, for the first time in its history, the Dacca farm has 
had an ample supply of farmyard manure ; also that this happy condition is due 
largely to the production of artificial farmyard manure on a serious scale, as a normal 
item in the farm routine. 

In the monsoon, in North-Eastern India, the soil water level reaches the surface 
and the artificial manure is made in heaps ; but in the dry weather, in North-East 
India and elsewhere, pits should be used, as otherwise the rapid loss of moisture 
creates difficulty and necessitates extra labour in re-making the heap. 

Cattle urine, diluted about 10 times, and containing between 0*05 per cent, and 
0*1 per cent, nitrogen was originally used in preparing artificial farmyard manure. 

Early experiments at Dacca were as follows : — In the dry weather season, 25 
maunds (2,000 lb.) of sugarcane trash (dried leaves) was placed in each of two pits 
and was moistened, in the one case with urine diluted as above, and in the other 
with a solution of ammonium acetate containing 0*05 per cent, of nitrogen. In the 
latter case, a little sodium phosphate was also added. Roughly 100 c. c, (say J lb.) 
of the 0*06 per cent, solutions of urine or ammonium acetate, added to sufficient 
water to thoroughly damp the material, were used with every 25 lb. of trash. After 
about 4 months the compost was tested and found to be well rotted, having an 
appearance something like farmyard manure. The oul.iurn of approximately 
10 mds. of dry trash gave 30 maunds of moist compost. The chemical analyses 
showed : — 


1. Compost with urine 
Moint 68*34 • 

KjO 0*462 (dry basis) 
P.Oc 0*3806 „ . 

N. 0*319 (moist basis) 
1*007 (dry basis) 


2* Compost with ammonium acetate : — 
07*82 

0*2633 (dry basis) 

0*2060 

0*2109 (moist basis) 

0*656 (dry „ ) 


In actual field tests carried out in triplicate plots, the compost made with liquid 
manure gave a slightly higher yield than ordinary cowdung, but the ammonium 
acetate compost gave less. 

In building the heap for fermentation, the material was treated every foot with 
liquid manure and a spri nk lin g of bone dust till the heap reached 7—9 feet high. 
A barrel (capacity about 10 maunds) of diluted liquid was sufficient for one heap, 
but this of course varied with the season of the year, as, during fermentation, it was 
essential to keep the compost moist. A fairly high temperature of over 100°F. 
was set up inside the heap and this lasted a considerable time. About 3 or 4 months 
was the usual tipre required to bring the compost to a state when it could be used as 



ARTIFICIAL FARMYARD MANURE 


83 


manure. But here again the time d« pended not r nly on the season of the year but 
also on the materials used. 

The success obtained on the Dacca farm was rt poated on other farms, and, for 
some considerable time now, all Government farms and sericultural nurseries in 
Bengal have been making their own aitificial farmyard manure. 

As already stated, this has meant a very considerable increase in the supply of 
availal)le manure. 

The following analytical results may be of interest : — 


1. Material — Weedff an'f iiifer. 

Nitrop:on 0*567 por cent, (moet sample). 

1-20 percent, (oven -dry sample). 
Moisture 56*05 per cent. 

Loss on Ignition 919 per cent. 

PjOj 0-2S f>er cent, (moist sample). 

0«64 per cent (dry sample). 

Ash .^4-75 per cent, (moist sample), 
liisol. Residue 30*51 percent, (moist sample) 
CaO 0*30 per cent, (moist sample). 

0*6S percent, (dry sample). 

MgO 0*08 percent, (moist sample). 

K,0 0*36 per cerit, (moist sample). 

0*83 per cent, (dry sample). 

Titfo aamples — Trash and weeds. 


Moistun* 
K.O . 

. 

Nit rogen 


Two mmptes — Wafer Utfacinth {Pacca Farm). 


Moisture 
Ash . 
Sand 
K,0 . 
P.o. . 
Nitrogen 
CaO . 
MgO . 


2. Water Hyacinth from Messrs. Shaw Wallace 
d: Co.y CatciUta. 

Moisture 84*78 per cent. 

Sand 3-76 
Nitrogen 0*217 „ 

Organic matter 5*71 per cent. 

Ash 5*74 per cent. 

K,0 *29 per cent. 

CaO 2*218 per cent. 


Ist sample. 
Per cent. 

2nd sample. 
Per cent. 

68*34 

67*82 

0*4262 

0*2633 

0*3806 

0*296 

1*0076 

(dry sample). 

0-655 

(dry sample). 

Ist sample. 
Per cent. 

2nd sample. 
Per cent. 

70*35 

58*87 

12*75 

6*00 

12*22 

34*96 

0*32 

0-51 

0*28 

0*16 

0*26 

0*21 

0*30 

0*20 

012 

0*20 


Six nitrogen estimations of comjjost made from threshing floor litter and weeds 

"Nitrogen— 0-4, 0*6], 0*32, 0-34, 0*37 and 0*36 (moist basis). 

„ X-02, 0*97, 0*60, 1-15, 0-60 and 064 (dry basis), 
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T%vo aamples made from refuse in the compound of the Director of Agriculture, Bengal : — 

Ist sample. 2iid sample* 





Per cent. 

Per cent 

Moisture 

, 

. 

41-76 

. 44-08' 

•a 

Loss on Tgnition( without moisture) 

. 

. 

18-58 

li9-06 

80 

Sand ...... 

. 


30-22 

20-52 


P.O, 

. 

. 

0-90 

0-93 

■ J 

K,0 

. 

. 

109 

1-02 


Nitrogen , . ... 

. 

. 

0*90 

0-95^ 

3 


T^too average samples of Cowdung 

1st sample. 2nd sample 
Per cent. Per cent. 


Moisture 


. 







72-55 

77*07 

Ash . 


. 







13-0 

7*79 

Sand . 


, 


, 





10-03 

6*45 

Organic matter . 


. 







14-4 

15-14 

Nitrogen • 









047 

0-45 

K,0 . 









0-44 

0-31 

CaO . 


, 







0-29 

0*37 

P.o. . . . 


. 







0-49 

0-32 


Latterly, other nitrogenous substances have been used in making artificial farm- 
yard manure. Ammonium sulphate, with bone, and Ammophos, without bone, both 
supplied by Messrs. Shaw Wallace & Co. of Calcutta, are two of these. Cowdung 
mixed in about 20 times its weight of water is a third. The cowdung gave very 
satisfactory results. 

With ammonium sulphate (0-5 per cent, solution) and bone, comparatively 
refractory material, such as dried teak leaves, has undergone quite satisfactory 
fermentation in four or five months. So far, however, as was indicated by the 
preliminary laboratory experiments, no nitrogenous substance used produces such 
rapid and satisfactory results as urea, diluted cattle urine, or cowdung and water. 
Urea is now being manufactured commercially in Europe and arrangements have 
been made to import enough for a comprehensive test. In the meantime, it is suffi- 
cient that for the cultivator who, for any reason, has not sufficient cattle urine or 
cowdmig, ammonium salts with bone, applied as already described, make a quite 
good substitute. 

It will be seen from the few analyses quoted that the composition of the fermented 
material varies a good deal. This is only to be expected, since every heap of manure 
that is made, is compost either of different starting materials or of different percent- 
ages of these. Also the analyses were taken at different times of the year which 
must always affect the results somewhat : thus heavy rains are bound to cause a 
certain amount of leaching of the more soluble constituents if care is not taken 
to prevent it. The nature of the residue after fermentation has taken place is 
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important. The material, if care is taken when building the heap, presents an 
appearance of well rotted cowdung, being dark-coloured and easily broken up into a 
dark powdery substance. The residue obviously approximates to humus which 
is known to be an important organic constituent of all soils. One important point 
should be noted in the building of the heap for fermentation, viz., that every foot of 
material should bo carefully treated, particularly with regard to the liquid manure. 
Too great care cannot be taken in seeing that the liquid manure is evenly spread 
over the whole : more than once it has been noted that the liquid has been carelessly 
thrown on the heap and that only the part treated is rotted, while the remainder is 
more or less unaffected. 

Extensive enquiries throughout Bengal, a few years ago, elicited numerous replies 
to the effect that lack of manure and the cost of weeding are two serious impediments 
in the way of successful agriculture in the province. The method described above 
indicates how weed taken from the fields, and other otherwise useless organic matter, 
can be used to make a valuable increase in a cultivator’s manure supply ; also that, 
in most cases the realization of this increase involves the use of nothing which is not 
available on the homestead. 

It has also been found that phosphate of ammonia which has recently come on 
to the manure mark(*t in various forms is an excellent “ starter ” in the manufac- 
ture of artificial fannyard manure* and that it is an efficient substitute for am- 
nioniuin sulphate plus bone meal or for cattle urine and bonemeal. 



AN ECONOMICAL METHOD OE MANURING WITH SiVNN-HEMP* 

BY 

N. V. J08HI, L.Ag., 

t\rsl A^siaiani to the Imperial Agricultural BacUriologisL 

Green-manuring as a means oi improving the fertility of the toil has been 
practised in many parts o. India, and where it was unknown it has been recommend- 
ed by the Agricultural Departments, so that the benefits resulting Irom the ploughing 
in of a green crop in the soil are now well known to agricultu ists. Experiments 
conducted to ascertain the cost ol manuring in vaiious ways have further shown 
that the quanity of nitrogen added to the s il per acre in green-manuring is ob- 
tained more cheaply than an equal quant ty supp ic'd through artificial manures 
like sodium nitrate or ammonium sulphate, and compares favourably with organic 
manures like oil-cakc , and hence the practice o! green manuring has been con- 
fidentiy recommended to the cultivators. 

Everything being thus favourable, thr practice of green-manuring as a means 
of fertilizing the soil should be expected to be very much mor<‘ common than it is 
at pnsent. Owini howevtu-, to the rains being limited to one season instead of 
being well distributed over the whole year, in many parts of India it is found un- 
economical to have to lose the w^hole season wEich is required to grow the green- 
manure before burying it in the soil. There is no money return for the season 

f during which the green manure is growing. It would be a great advantage there- 
fore if some crop for green-mamuing could be found which would also yield some 
money return for the season during which it is grown, before being buried in the soil. 
The money return that could be expected from a green manuie crop during the 
season in which it is grown may result from some use being found for those parts of 
the plant which arc useless lor manuriai purpose)8. It is essential therefore to find 
which part of the green crop is useful for manuring, so that the portion useless as 
manui’e may be turned to some use by the cultivator. Four green manures were 
chosen for this enquiry and in a paper read before the Science Congress in the year 
1919 the results of work previously done on the subject were described* It was 
found that the leaves of the green manures supply the major portion of the ferti- 
lising material (nitrogen) for the succeeding crop. In the present paper it is proixosed 
to deal with one of the foui' green manures, viz,, sann-hemp (Croialaria junmi). 
This green manure has given promise that it can be utilized as a double pui‘pose 
crop for green manure as well as libre at one and the same time, provided the old 
method of ploughing in the whole plant in the soil is changed to ploughing in only 
the tops of the green manure leaving the stems for use as fibre. 


^ Paper I'ead at the Indian Heienue Congroas, Lahore, 1027. 
( SO ) 
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Before proceeding to discuss how this is possible, it would be useful, however, 
to give a short summary of the conclusions arrived at by the present writer in his 
previous investigations on this subject in order to see how the idea of the experi- 
ments described in this paper originated. As the green manure after being incor* 
porated into the soil is subject to the action of micro-organisms, inveiitigations were 
carried out to determine how this biological action proceeds in the case of the different 
parts of the plants and also what effect the additions of different parts have on the 
succeeding crop. It has already been shown : — 

(1) That the leaves form about 50-60 per cent, of the weight of the green- 

manuring crop in the earlier stages of the growth. At later stages, 
owing to the fall of the older leaves and the increase in weight of 
stems, they form about 25-30 per cent, of the weight of the whole 
green manure crop. 

(2) That the leaves decompose earlier than the other parts (stems and roots) 

of the plant or the whole plant. 

(3) That decomposition of the green material takes place most rapidly and 

large quantitic^s of nitrates (as compared with its original amoimt 
in soil) accumulute when the moisture content is about 16 per cent, 
of the weight of the soil. 

(4) That the weight of a green manure crop added to the soil varies greatly 

in different seasons. 

(5) That the immediate effect of gr(‘en-manuring on a succeeding crop is 

principally due to the leaves of green manure crops. This was found 
as the result of experiments to test the groni;h of a crop after green- 
manuring with the leaves, stems and roots each in a separate plot. 
The yield of oats after treatment with different parts of cow-pea 
and sanii-hemp as green manures are given in the following table : — 




Vivid of oats 



lOHi-eO 

niiJO-LM 

1021-22 

CWtrol ........ 

lb. oz. 

0 13 

il). 07. 

r> 4 

lb. oz. 

4 0 

Cow*)Xia — 




W’liolf' jilant. ...... 

1 2 

b \2 

4 14 

........ 

1 7 

b 12 

(i 3 

........ 

1 0 

f> 0 


Roots ........ 

1 0 

5 lli 

3 13 

(/ontrol ........ 

.. 

2 H 

.{ 4 

Sanu-hemp— 




Whole plant ...... 


.3 4 

3 

Leaves ........ 


5 0 

5 10 

Stems ........ 



2 0 

Roots 


BH 

1 5 
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More or less similar results were obtained in the case of other two green manures, 
dhainclut (seshania dculeata) and guvar {cyamopsis psorah'oides so that it wa sevident 
that the addition of the whole plant of a green manure crop tends to lower the yield 
of the succeeding crop as compared with the addition of leaves of green plants. 
Experiments in subsequent years have confirmed this, as may be seen from the follow- 
ing table which records results for sann-hemp only. The results for other green 
crops being practically repetitions of similar figures are not included here. 


Trcatmenfc 




Yield of oats 




1922-23 

1923-24 

1924-25 

1925-26 


Ih. 

oz. 

Ih. 

oz. 

Ih. 

oz. 

Ih. 

oz. 

Control ....... 

4 

10 

3 

4 

3 

4 

3 

7 

Sann-hemp — 









Whole plant ..... 

1 

4 

1 

11 

.3 

li 

5 

0 

L(‘.ave8 ...... 

4 

!0» 

4 

(1 

5 

0 

6 

4 

SU'ms ...... 

4 

S 

I 

14 

4 

10 

‘2 

9 

Roots ...... 

3 


0 

14 

4 

in 


6 


As seen from these results, the leaves of the green manures are the principal 
beneficial factor in affecting the yield of a subsequent crop, and a green crop, there- 
fore, whose stems could be utilized for some other purpose, after stripping it of 
leaves for green manure, would naturally be of great importance. Of the green 
manures selected in our experiments, sann-hemp is such a crop which is alreiidy 
grown specially for utilizing its stems for fibre. It would be an advantage there- 
fore to use its leaves for green manure and its stems for fibre at one and the same 
time. A further advantage in the case of sann-hemp is that when the leaves alone 
are to be turned in the soil (as they decompose much earlier than the whole plant) 
the crop can be allowed to grow according to season, three or four weeks more 
than if the whole plant were to be ploughed in. This would give not only a 
greater amount of leaf but the stems would be by that time more ihature and yield 
better fibre. 

Experiments on a larger scale than those carried out previously were there- 
fore started to determine the effect of burying the whole plant and leaves alone of 
sann-hemp at different times. Each plot in the e experiments was 826 sq, ft. in area 
(approximately l-50th of an acre), there being four such plots generally available 
for each kind of treatment. The addition of leaves to the soil was done onoe, at 
the usual time of burying the whole plants in the soil, and compared with the addi- 
tion done three weeks later. W hole plant was buried at the time usual for turning in 
the green manure, as at a later stage it would not be completely decomposed before 
the time of sowing the succeeding crop. Oats were sown after the added green- 
material had Undergone decomposition in the plots. The yield of the whole plant 
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and leaves, with their nitrogen content and the fibre obtained from the stems, is 
given in the following table : — 



9 woekB* growth 

12 weeks’ growtli 

Treatment 

Yi«ld of four plots 
(1-1 3th of an acre) 

Yield of four plots 
(l-13th of an acre) 

Sann-Hemp— 

mda. srs. 

mds. srs. 

Whole plant 

1.0 12 (0-4% N.) 

24 0 (0-36% N.) 

Loavog ....... 

5 1 ms%) 

0 2(i (0-8i%) 

Fibre ....... 

0 13 

i 

0 20 


The yields of different plots range within narrow limits and hence only the 
average yields of oats grain and straw calculated on an acre basis are given in this 
paper. 


Gnmi manure 

N. iuhlcil jx'r 
acr<_; 

Viold 

f>{ oet« 

(Jraiu TK*r acre 

.Straw per acre 


Ih. 


mds. sra. 

Leaves — 9 weeks crop ..... 

51 i 

10 1.5 

33 21 

Ijcn vcs — 12 weeks crop ..... 

j 

10 27 

35 21 

The average yields of oats per acre are 
the following table : — 

given for the whole plant and leaves in 

Treatment 

N. ad<l<‘d per 

Yield 

of oalB 


iVv. r<. 





f‘Oc ium*' 

i Straw per acre 


Ih. 

Sr'S. 

mds. srs. 

Wliole plant— 9 wwks 

7S 0 

2.5 39 

52 35 

I^wives — 9 weeks ...... 

5 10 

24 20 

50 13 


It will be seen from these results that the effect of leaves of the green manure 
on the yield of grain is less than that of the whole plant. This is contrary to the 
results on small plots. The yield of straw on the treated plots, however, is greater 
iR the case of leaves than that obtained from those treated with the whole plant. 

D 

















1)0 


AGRICULTURAL JOURNAL OF INDIA 


[ XXIII, IL 


This is due to tlie greater fertility of the land in which these experiments were carried 
out. This perhaps requires some explanation. The plants at the start were 
very vigorous in the plots manured with leaves and continued to l)e so to the end, 
but owing to this very reason they lodged during the heavy rains received towards 
the end of February and beginning of March. The vigorous plants generally re- 
quire to be topped in such cases, but it was not done in this case Jis it would have 
introduced an imnecessary complication in judging the results. The yield of grain 
was consequently less from the lodged plants. This can be noticed from the amount 
of straw obtained from the plots treated with leaves as compared with that obtained 
from those treated with the whole plant. The results of leaves added at different 
times are, as expected, in favour of the later luitting. The sann-h(nuf) stems stripped 
of leaves have given material yielding about 4| rads, fibre at nine weeks cutting 
and G mds. at twelve weeks’ cutting as can be seen from the following table. The 
extra cost for getting this materia] is the lahoiir involved in separating leaves. 
This amounted to Rs. 15 per acre as ascertained from the payments made to hired 
labour. No doubt the cultivator if he were doing it in his own field would do it more 
cheajjly. However, as the quantity of nitrogen sup])lied by the addition of the 
wdiole plant and of the leaves alone as manure did not make much difference in the 
yield of the succeeding crop, it w as necessary to try some clieap means of separating 
the leafy portion in order fo supply the necessary nitrogenous material. Sine.e in 
using the saim-hemp for fibre it is usual to cut off the tops in this part of the country 
it was propos('(l to utilize these tops by cutting them in such a way as to include 
as much of the leaves of the plant as possible for green manuring and to compare 
this with treatments of the whole plant and of leaves. This idea occurred after 
the expenses incurred in the separation of leaves were noticed for two years, and 
hence tluj treatment with tops was done at the later stage of our period of experi- 
ments, i,e,y when separating the leaves only in 1923-24. The extra cost of cutting 
the tops is found not to exceed Rs. 2 to Rs. 3 per acre. The results of these experi- 
ments are given in the following table : - 



1923-24 

Yield of tureen rnanuni in four plot.s 
(j^th of an acre) 

9 wooks and 3 days 

12 weeks and 6 days 

Sann-liornp — 

Wholo plant ..... 

LcaveH ....... 

'i’ops ....... 

Fibrn 

Mds. Brs. 

26 20 (0-4% N.) 

10 32 (0 98% N.) 

0 13 ’ 

(— 4J mds. per aoro) 

Mda. srs. 

< 1 $ 20 (0-34 %N.) 

10 0 (0-843 %N.) 

4 6 (0-81% N.) 

0 20 

(»e mds. per oore.) 
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Outturn of oats 


Treatinont 

Nil/ro;L;oii per 
aero 

(irain }>(.‘r 
acio 

Straw [>or 
aero 

j 

Loaves— 9 weeks and 3 days .... 

iOl-0 

mds. srH. 

10 32 

ind8. srs. 

20 15 

Ixuivos- 13 weeks and (i days 

lUlM) 

11 r> 

22 27 

3'oj»8 — 1 2 wiM'ktt and (5 days .... 

:iM> 

11 2 

19 35 


From the of the wiiole plant given in the table, it rmiy lx; noticed tliat 

ihe sann-heinp crop this year was very lieavy. It may also be noticed that the 
leaves obtained at the second cutting has not increased proportionately. This is 
due to tlic shedding of leaves l)etween the first and the second cutting. Tliis slied- 
ding of leav(;s generally takes place after the first cutting and depends on tlie season 
and growth of the ])lants. Although we are not able to give a quantitative value 
to it, still the soil rec<‘ives it alt t he same. It oidy nuains t hat the figures for nii rogen 
(added per acre), as given in the tablevS, are smaller than what they actually would 
he, if the nitrogen in the fallen leaves coul<l l>c accurately determined and added 
to the figur(‘s already givam. 

As regards yields of grain, it may la; notc<i that tlic tops have proved juactically 
as effective as the leaves and that the results are slightly in favour of later ploughing 
of leaves and tops. The later cutting, liowever. shows 50 per cent, gain in the 
quantity of fibre over that obtained from the earlier cutting. As it was now clear 
tliat the tops of sann-hem]> when buried in the soil are more or less as eflecfive as 
the leaves, in the next trial the addition of tops was done at different times as also 
burying the leaves at different times and tin' results are given in the following table 
which 8jx;aks for itself : — 


'I real men 1 

1 192-1-25 

Yield of grcH'U nuunin^ of four plots {L13tt acre) 

10 weeks 

• 13 weeks 

Si^nn-hemp — 

Mds. 

srs. 

mds. srs. 

Whole plant ...... 

16 

1 (0-38% N.) 

24 0 (0-35% N.) 

Leaves , . . ^ . 

10 

2 (()'84%N.) 

10 26 (0-70% N.) 

Tops ....... 

2 

30 (0-75% N.) 

3 38 (0-06% N.) 

Fibre ....... 

0 

8 

0 12 
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Yield of oats 




10 weeks 

13 weeks 

Treatment 


Nitrogen 

Grain 

Straw 

Nitrogen 

Grain 

Straw 



added 

per 

per 

added per 

per 

i 


1 

per acre 

acre 

acre 

acre 

acre 

aero 



lb. 

mds. srs. 1 

mds. srs. 

lb. 

mda. srs. 

mds, srs. 

Loaves 

. 

6G-0 

23 0 i 

33 3 

72 

24 8 

31 33 

Tops . , . . 

• 

200 

26 4 i 

35 10 

25 

26 8 

33 26 


No doubt the difTereucc in fertility of the soil in the plots may have to do some- 
thing with the greater yield which is noticeable in the case of t-0}>s although the 
nitrogen added to the soil was actually less than that added in tlie form of leaves, 
In any case as difference in the yields is not commensurate with the additional 
cost involved in completely separating the leaves, it was not necessary to continue 
separating the leaves and in the following year an experiment with burying the tops 
only at different periods was tried. It was also proposed to push the period of 
cutting the tops still further by about three weeks in each case so that the first 
cutting was done when the sann-henip was thirteen weeks old and the second cutting 
when it was sixteen weeks. The reason for this change will be iliscussed latcir. The 
results appear in tlic following table : — 


Sann tieinp — 
Whot. plant . 
Tops 
Fibre 


iy2r>.2ti 

Yield of croon manure of ff)ur p!r»ts (825 sq. ft. each) 


13 weeks 

16 weeks 

Mda. 

sra. ch. 

1 

Mda. 

srs. cb. 

16 

]1 (0W%N.) 

17 

29 (0-32% N.) 

3 

4 (0-72% N.) 

3 

2t (0-72% N.) 

0 

12 6 I 

0 

12 10 


Oats 


Treatment 

Nitrogen 
added 
])or acre 

(iniin 

per 

acre 

Straw 

p(!r 

acn> 

Fibre 

Tops oi Sann-heinji at 13 weeks 

lb. 

220 

mdri. srH. 

6 28 

mds. 

14 

srs. 

0 

mds. srs, 

' 3 35 

Tops of Sann hemp at 15 wecics 

‘ 

250 

7 6 

13 

13 

4 0 
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In addition to these trials, which were conducted during the last four years 
two more experiments on several larger plot^ (1-24 of an acre each) were carried 
out with oats and wheat for comparing the two treatments, viz., the addilion of 
tops and the addition of the whole green manure. The soil was manured with a 
phosphatic fertilizer in the previous years. 


i 

1 

Treatment 

1 

Oats 

Wheat 

Grain per acre 

Grain per acre 


M<ls. sris. 

nnlB, 8r^, 

Tops ....... 

KS 24 

0 2 1 

U’lioh' plant ...... 

18 3 

8 2S 


It will be seen from the results obtained during all these years that the usual 
[)riu‘ti(*e of })loughing in the green manure 8-10 weeks' old could be replaced by 
manuring with tops cut from the green crop (12-14 weeks' old). No doubt the 
nitrogen added to tlie soil by the burying of tops appears smaller, but this is sup- 
])lcniented by the nitrogen added in tlie form of leaves dropping during the further 
period of growth allowed before the toj)S are cut. In any case while the yield of 
the succeeding crop after burying in the top portion of green crop has not been 
lowered, the yield of fibre from stems amounts to 1 to 0 maunds per acre at an 
extra cost of Rs. 2 to Rs. 3 per acre. 

In the course of these experiments it was of interest to record that when the 
whole plant was ploughed in as green manure, the succeeding crop suffered damag ' 
from white aiits in certain plots on account of some portions of woody stems re- 
maining undecomposed in the soil and such area had to be measured and left out 
of consideration in calculating the crop per acre ; otherwise the balance would 
have been still more in favour of treatments with leaves and tops, which had no 
trouble from whit^ ants as all the mat^Tial added in this latter case was completely 
decomposed. 

It was pointed out to the writer that the fibre from sann-hemp if cut earlier 
would be weak and therefore would not secure the price that the mature fibre fetches. 
It may be mentioned, in this connection, that the sann-hemp is cut for fibre in Bihar 
by the beginning of October when it has grown for about 15 to 16 weeks. In th(i 
earlier years of our experiments the second cutting was done in the 13th week from 
sowing sann-hemp, that is, the cutting for fibre was earlier by about two weeks 
only. The experiments in the last year 1925-26 have further shown that theie is 
not much difference in the amount of fibre obtained by cutting the sann-hemp 
in the X3th week and cutting it in the 16th week, showing thereby that the fibre 
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practically attains its maximum growth up to the 13th week. Moreover, when 
offered in the local market, both fibres fetched the same price. The time of cutting 
the tops for manuring should therefore depend upon the time necessary to allow 
for decomposition of the green material added to the soil before sowing the suc- 
ceeding crop. The tops and leaves decompose practically completely in three to 
four weeks after being ploughed in. 

In this connection it may be worth mentioning that sann-hemp is recommended 
to be grown and the whole plant to be ploughed in for sugarcane in Bihar. The 
field for sugarcane would be required much later than tlie usual rahi crops like 
wheat or tobacco as the sugarcane is planted in February and hence there is enough 
time in this case both to allow the sann-hemp to grow to the usual time for cutting 
for fibre, manure the land with tops of sann-hemp and to get the fibre from the stems 
which are practically of no value as manure. 

Further, in manuring with the tops of the green cro]) tliese can be transferred 
and spread on any area at will, so that they can be concentrated on an infertile 
patch of land or sparingly spr(‘.ad on fertile land as required. This is not done when 
tlie green crop is ploughed in whcK^ it has grown. 



AGRICULTURAL IMPLEMENTS SUITABLE FOR THE USB 
OF THE INDIAN CULTIVATOR. 


BY 

A. P. CLIFF, B.A., 

Deputy Director of Agriculture^ Western North Bihar Range. 

(Concluded from VoL XXII, Pt. 6.) 

It is necessary tr) discuss certain general prn\ciples which apply equally to ridge 
ploughs and ordinary mouldboard ploughs, and firstly to insist on the vital 
importance of reducing the huigth to tlie inininium possible, by the use of pole draft. 
Undoubtedly, one imj)ort-unt reason for length in f)lough8. and particularly ridge 
ploughs, is ease of steering. In the West it is a matter of efficiency and pride to 
make furrows as straiglit and paruJlel as possible, and the total length of the imple- 
ment aids greatly in this. In India and the East generally, however, the culti- 
vators’ plots are so small that the control that can be obtain- d by differences di 
side ]>rossure on the two sides of the plough by lateral movements of the handle, 
is aiufdy sufficient to giv(‘ the straightness requisite in the short furrows obtainable. 
We all know the uncanny p'nH'ision with wlii(‘h a ryot can steer his country })]ough, 
.simply because a slight sideways movement of the handh', increases the j)ressurc of 
the soil on one vside of the plough and causes this to slide slightly in the opposite 
direction. With a mouldboard and even more so witli a ridge plough, steering 
by side pressure only is equally simple, and length is entirely unnecessary under 
Indian conditions. 

The axiom that the price must he as low as Rs. 10 is complicated Romewhat 
by consideration of the relative merits of eastings and forgings for this work. Tlie 
separate j)arts of |)loughs are body, share and point, mouldboards and landslide ; 
and all can be either cast of suitable metal, or forged, (hstings must be compara- 
tively thick and heavy ; but the wearing parts can be made very liard. and there- 
fore very long wearing. They can he produced in quantity witli a minimum of 
hand labour, and m their cost need l)c little more than the cost of the metal ; and 
they can be so standardised as to be entirely interchangeable, so that the supply 
of necessary spare parts is simple and cheap. But tlie jdoughs and tlunr spares 
must be produced in a properly equipped factory. Forged ploughs and their parts 
can be made much lighter, but caunot be so hardened and therefore have a much 
shorter wearing life. Also every part and spare entails a certain, often very consi- 
derable, amount of hand labour, so that their cost will necessarily be higher ; and 
standardisation is much more difficult, if not impossible. On the other hand, 

( ) 
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spares and even whole ploughs can be made in every bazaar, and even by the village 
biacksmith. My own view is that cheapness, long life and easy supply of spares, 
are conclusive arguments in favour of cast plouglis ; but I can quite understand 
advocates of the revival of village industries thinking otherwise, though whether 
the revival of these industries is for the good of the cultivator is another matter. 

Every plough sold in India should have a detachable point, because under the 
conditions under which it is used the wear on the point is very heavy and the life 
of the point, ])articularly in some, c.f/., laterite soils, very short. In any soil the 
proper life of the share generally is about 10 times that of its point ; and the pro- 
vision of a cheaply renewable point is essential to avoid waste of a large number 
of shares rendered useless because the point has gone, and to save wear on parts 
of the body which become exposed to friction when once the point of the share is 
worn. I have seen Meston ploughs being ruined because the owner could not bring 
himself to face the cost of a new share costing As. 12 or As. 14, and the waste of such 
a large piece of the old one ; when the under parts of the body were being badly 
worn and the plough could hardly be made to work at aU. The Victory is another 
very fine plough, but the share costs Rs. 4-4 in Calcutta and has no detachable 
point. A detachable point is an absolute essential for any plough sold for the use 
of the Indian cultivator, but the question arises as to whether the point should be 
a cast, shp in, nose of the share, or a bar which can be slid out to compensate for 
wear, and on which finally a new piece can be welded, giving it practically limitless 
life. 

Cast points can be made to slip into the share either way up, so they can be 
turned after slight wear ; and they can be case hardened to give them a very long 
life. In quantity they need not cost more than As. 3 each, and fitting them does 
not add anything to the cost of the rest of the plough. Against this must be set 
the fact that only about | the metal in them can be used and the rest must be dis- 
carded. A bar point has to be much longer and heavier to begin with, to allow for 
rigid fixing ; and so the first cost is much higher. It cannot be so hard, and so 
wears more rapidly ; and whatever device is adopted for fixing and adjusting it, 
must add appreciably to the cost of the plough body. On the other hand, nothing 
of the bar need ever be wasted ; as, when the bar is worn too short for further 
adjustment, a new piece can be welded on by the village blacksmith. A recent 
price list quotes cast points of different ploughs at As. 6 and As. 7 each, while the 
cheapest bar point for that type of plough is quoted at Rs. 1-12. Again I give 
my opimon that low first cost, long life, and simple fitting are conclusively in favour 
of the cast, slip in, point. 

A final general principle of vital importance to cheapness and standardization 
is the need to discard all theories of requiring different ploughs for different soils 
and different work, and to concentrate on one compromise type that will do reason*^ 
ably satisfactory work under the wide range of conditions encountered. In Europe, 
where ploughing, through centu^i^s of practice, h^ become an f^nd caielul 
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burial of long manure or the thorough turning and covering of an old turf are matters 
of great skill and pride, there is undoubtedly great scope for a number of differing 
types of plough to get perfect ploughing under the wide range of soil conditions and 
in different kinds of work. In a century it may be so in India also : but at present 
ploughing is merely digging up the earth ; and, before he can learn to plough perfectly, 
the ryot has still to learn to plough, instead of to scratch ; while often the soil 
conditions in a holding vary as much as in a western country. In Chota Nagpur, 
for example, the soil of a single holding generally varies from very sandy loam to 
very heavy clay ; while even on the famous Canges alluvium, one holding will 
generally contain soils ranging from light loam to medium clay. But one plough 
will plough them all, if taken at the right time and in the right condition ; and 
though tin? ploughing is not perfect, it is sufficiently in advance of the scratching 
the soil usually gets to be an improvement very well wortli while. 

It is wise therefore to save overlapping, waste and confusion, by concentrating 
on just one model each of plough and ridge plough, and have this built for pole 
draft, of cast parts and with a detachable cast point. 

The Kidge Plough. 

This is only listed for ofxmirg furrows in which to plant, or in earthing up crops 
to imj)rove drainage and help them to stand, so it is always used in prepared land, 
i.c., u prepared seed-bod or in rows that have already received some cultivation. 
It can be therefore comparatively lightly constructed. But as its use is largely 
at times of the year when weeds grow rapidly, I advocate strongly a wide flat cutt- 
ing share that will skim from the furrow bottom a ribbon of earth, weeds and grass, 
and split this to its mouldboards, which should in turn slide the earth up and over 
to form the ridges, well in the middle of which such weeds and rubbish will be safely 
buried. The common type of English ridge plough, with its long bar point and 
comparatively straight sloping mouldboards, which burrows through the earth 
and pushes the soil to a ridge on either side, is not, 1 think, suitable for ridging tropi- 
cal soils. For our work a ridge plough must be essentially a duplication of a short- 
breasted mouldboard plough. 

As, however, the ryot will want in the winter to earth his potatoes and in the 
summer his maize, cotton or cane, his plough must throw varying widths from 
18^ to 36^. This can, I think, best be obtained by hinging the mouldboards. A 
bent piece of simple angle iron provides a cheap body. Below is bolted the cast 
share with its slip in point and above a short, cast, splitting breast, on the rear of 
each wing of which are cast the simple hinge device. The mouldboards hinge to 
these, and are supported at any width by simple stays to a central tail runm'ng back 
from the middle of the frame iron. The pole bolts at an angle to the top of the 
frame iron and the end of the tail and the handles can be attached at similar points. 
A simple sidd can be fixed below the tail piece for transport and steadying when 
at work. 
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In the one illustrated the angle between body iron and tail piece has been care- 
fully adjusted so that the pole and handles can be fixed as shown, or the plough 
can be sold without pole and handles. In the latter case it is fixed by three bolts 
to the front vertical bar of the Bihar cultivator, all tines being removed from this, 
and the owner is saved the cost of a separate pole and set of handles, a small economy 
which is a big matter to the Indian ryot. 


The Plough. 

People who work much among the cultivators generally understand that the 
Indian plough bullock always turns to the left and never to the right. This is one 
of the apparently simple obstacles one meets and dismisses lightly, but can never 
surmount ; because, no matter how well trained our farm bullocks and plough- 
men are, nor how well, under our eye, the cattle turn right or left as required, no 
sooner do the men and cattle get away to their own or a cultivator’s field than they 
turn left at once and all the time. On our land the responsibility is ours and the 
danger also ; but on their own land they take no risks, but believe in safely first ” 
and their cattle turn only to the left. 

In small plots with (tattle turning left, inevitably pl<3ughing is done from the 
outside to the middle if the plough allows ; and a mouldboard that throws to the 
right not only allows but encourages this. So Indian cattle and a right liand throw- 
ing plough ploughs the fields outwards time after time, till the centre is a hollow and 
the edge a containing rim ; and the consequent waterlogging and deterioration 
of the soil is laid at the door of the English plough, and we are told in all serious- 
ness that an English plough spoils the land. 

This is one of the eastern customs which many have tried to break and all have 
failed and will fail, at any rate for a few more centuries, and the only sound way 
to deal with it at present is to accept it and supply a plough to suit it. As far as 
I know, there is no difference whatever between a plough throwing right and the 
same plough built to throw left. Produced on the same scale, one is as clieap as 
the other ; and the work done by both is the same, if equally intelligently used. 
But with bullocks that turn to the left, a right throwing plough is never intelligently 
used ; while a left- throwing one can only with difficulty be used otherwise. For 
India, therefore, all mouldboard ploughs supplied should be left handed, to turn 
earth to the left ; and with them the ryot will find it very difficult to do other than 
plough his plots up U) the middle, with consequent improvement of drainage and 
crop bearing capacity. This is the first and fundamental consideration to be kept 
in mind. 

The second is the necessity for some form of compensation for the difference 
between the furrow width and the draught width. We all know that ploughing 
is a slow, laborious process, that costs heavily in proportion to other agricultural 
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operations ; but that if done thoroughly, it is well worth while becauRe at one opera- 
tion the whole bulk of earth to the depth are working is cut off from below, 
thoroughly sliabm and broken, and turned over on the top of weeds and rubbish. 
One ploughing is the equivalent of 6 or 8 “ chases with the country plough or of 
2 or 3 cultivations. But only if it is done properly. 

For a mouldboard plough to plough properly it must tend to run with its share 
flat across the bottom of the furrow being cut, at an even depth, and in a direction 
parallel to the last furrow, at a distance generally of 7 or 8 inches from it. For 
work with cattle in small plots we have already decided ( Vide Agri. Journal of India, 
Vol. XXII, Part IV, i>ages 288 and 289) that short pole draft is essential ; so that 
little steering control is possible without sideways tilting ; and such tilting must 
f>(3 avoided if feasible, as only wlien the plough is running flat and true is it doing 
its }>roper work. Th(‘ first step obviously is to get the cattle to mov(; in exactlv 
the right direction and })arallel to our furrow. There is only one line to guide them 
and that is the last; furrow. On one side of that is a mass of clods and loose earth 
over which the bullock will wander in any direction but the right one., and on the 
other is the unplougluMl surfa(:(\ generally a mass of wetals and rubbish. We must 
therefore make one bullock go in the furrow, when the other will keep his distance 
on the un])l()ughed land. Any plough bullock will go quietly along a furrow with 
very little (‘oaxing, though I defy anyone to drive a ])air of ryots' bulhx ks straight 
along a given line, without that furrow to guide th(un. 

The common plough yoke of India is 1 to b ft. long and the common distance 
l)(‘tween the, necks of the bulloc;ks is 1.0 to 48 inches. Half tliat, which is the distance 
from the ne(‘k of the furrow bullock to the centre of the yoke, wliere t he plough is 
hit(‘hed, is 20 to 24 inches. But a plough furrow is only 7" to 8", rarely 9" wide ; 
so tliat tliough the hitc.di is 20"' away from the last furrow, the plough must not be 
more than 9", a difference of II" between draft width and furrow width. In western 
ploughs this differenci^ is taken up partly, by the length of beam and chain, and 
partly by the hake std acroSvS the end of the beam ; but our draft must f>(> a short- 
pole and the hitch on the yoke only 0 or 7 feet from the plough. 

There is commonly used on Bihar plantations a cheap co])y of the. old Hindustan 
plough which has short pole draught and of which the pole is directly over Hie land- 
slide of the plough. Wlieii the bullock is in the furrow the plougli tries t-o be 18" 
away, and is forced back to the furrow by tilting it over on to its landslidtn to the 
detriment of the ploughing. Then the bullock swings away on to the land and the 
plough comes back into the last furrow. Not for 2 minutes together is the ] dough 
running square and true in its projier place and doing its proper work, becaus<‘ when 
the bullock is in the farrow, the only guiding line, the plough is too far away from 
it. 

Some simple form of offset device is required on the plough, so that the pole 
is^Jattached 8" or 9" sideways from the landslide, as shown in Ti. XI, figs. 3 
and 4. 
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The bullock is in the last furrow, the yoke hitch is 18" to the right, the pole is 
parallel to the work, and the plough 9" to the left of the base of the pole, is in its 
true position for easy and proper work. Without some such offset no mould- 
board plough with short pole draught can be made to do good work ; and plough- 
ing, unless reasonably \vell done, is not worth doing. A few cultivations are simpler 
and cheaper. 

It is possible to take up this difference between ploughing width and draft width 
by setting the pole at a small angle to the line of the plough ; but this method is 
unsound because a lengthening or shortening of the hitch on the pole, to suit higher 
or lower bullocks or to plough deeper or shallower, alters also the width of furrow 
taken ; and with large bullocks a narrow’^er furrow is taken than with small ones, 
the reverse of what would be desirable. The pole should be parallel to the line of 
the plough, but 9" to the side of it ; and it is desirable to make this offset simply 
adjustable so that, for transj)ort along roads, the offset can be closed up, the yoke 
brought back along the pole to lift the share and point off the ground, and the plough 
slid home on its heel lying snugly between the heels of the bullocks. 

It is most important to make the offsett attachment an integral part of the body 
of the plough. Normally, all such ploughs are sold in the Dehat without wood- 
work, and the construction of the plough body should be such that the pole can 
only be attached in one obvious way ; as, if the ryot is left any choice as to how the 
pole can be attached, he is certain to make the wrong choice. One cannot be too 
careful to make such a device absolutely fool proof, as even on Government farms 
it is common for an implement to be put together wrongly if such a course is possible, 
and then it is often condemned without a fair trial. 

It will be remembered that in discussing the ridge plough I suggested that such 
a plough might be sold, without handles or pole, to be fastened to the front vertical 
column of the Bihar |-tined cultivator. Similarly, the single mouldboard plough 
might well be constructed to bolt firmly to the left side bar of the fiame of that 
cultivator. Two holes in the plough frame in a horizontal line, to register with 
two corresponding holes in the cultivator frame side member, and an extra vertical 
piece bolted firmly to the body of the plough and passing up and in, to the bolt 
where the pole and handles cross, provide an attachment rigid vertically and longi- 
tudinally. The cultivator frame itself provides the required offset. I have tested 
thoroughly such a plough and find it quite a practical outfit ; and again it is thought 
that the saving of pole and bandies so possible, would be thoroughly appreciated 
by the ryot. 

A final point apparently not generally appreciated is that the downward pres- 
sure on a plough point, i.e., the pressure that makes the point dig itself into the 
ground, is less when the plough has short pole draft than when it has the usual 
beam and chain draft. To compensate for this, in any plough sold for use with 
short pole draft, the angle which the share and point makes with the line of the 
bottom of the plough, generally the lower aide of the landslide, should be very 
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appreciably greater than is usually the case ; otherwise the plough must be run 
on its nose, and the tail of the landslide and the rear of the mouldboard will be 
up out of the earth and the plough will not sit in the fiirrow securely nor turn the 
earth properly. 

The writer advocates the following essentials for any plough to be marketed 
for the use of the Indian ryot : — 

(1) Cheapness to be obtained by the use of light castings throughout. 

(2) A detachable, invertible, slip in, cast point. 

(3) Pole draft. 

(4) Left hand throw. 

(5) An offset device either (a) integral to the body of the plougli whereby 

the pole is attached parallel to the line of the plough but 8" or 9'' to 
the right of the landslide, or (b) obtained by bolting the plough 
rigidly to the left side bar of the Bihar ~ tilled cultivator. 

(6) An abnormally steep set of share and point. 

Apart from these, such a plough should be of the short breasted, wide throwing, 
breaking, type, capable of ploughing reasonably wxll any class of land from sandy 
loam to heavy clay, and it will then meet sufficiently well the requirements of the 
whole country. Two sizes are advisable — 

(1) About the size of the Punjab plough for tracts where bullocks are large 

and for estates, Govenmicnt farms, etc. 

(2) About like the Meston, for the paddy tracts and other areas where bul- 

locks are small. 

No. 1 would plough G or 7 inches deep and 8 or 9 inches wdde and No. 2 about 
4 to 5 inches deep and 5 or 6 inches wdde, but the same body, offset and landslide, 
and point w^ould suit both, the only difference being that No. 2 would require a 
narrower share and correspondingly narrower, though just as wide throwing, mould- 
board. 


Summary. 

As these articles have been spread over four numbers of this Journal, I may 
be forgiven for summarising not too briefly the points at issue and the measures 
recommended. 

We, as workers for the improvement of Indian agriculture, are really concerned 
very little about the merits of different tractors, or whether a reaper and binder 
can be used in India and the cost of threshing wheat with a Marshall’s outfit ; 
because these, and such costly and complicated machines, are utterly and absolutely 
beyond the scope or range of 99*99 per cent, of the cultivators of this land. What 
the ryot wants is some small, but sound improvement, that can be incorporated 
into his present conditions of living and working ; and not a big thing that demands 
first enormous capital, large holdings or their equivalent, mechanical sense, in short 
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the conditions of Australia or Western America. His small scattered holdings, 
tiny plots, poor bullocks, intense poverty and utter lack of mechanical knowledge, 
are conditions we must acjccpt ; and, facing them, concentrate on thoso improve- 
ments, e.g,. better seed, new manures, etc., that can be adopted into those condi- 
tions and which, once accepted by that 99*99 per cent, of typical cultivators, bring 
I'liormous aggregate good to the country as a whole. 

This is as true of implements as of other lines of improvement ; and our first 
and most pressing duty is to try and supj)ly simple and cheap equipment, that can 
be adopted into the present system of cultivation, but will profit the ryot by enabling 
him to do better and mor() varied cultivation, with loss expenditure of labour of 
man and beast. The im})lements outlined in the foregoing pages fulfil these condi- 
tions in that they are cheap, adapted to bullock draft and small plots, and mechani- 
cally simple. 

The Bihar (uiltivator, either in the siTn])I(‘8t 3-tincd form for tracts where bullocks 
are small, or in the ;)-tined form for tracts wliere bullocks art^ large, will do, faster 
and cheaper, all the work done by tlic (country y)lough ; and will, in addition, iiiter- 
cultiv^ate and ])artly ridg(‘ up crops grown in liiu's. From the extraordinary utility 
of this implement on our farms at Hcj)aya and at Sewan, ajid the interest shown in 
it by local cultivators six have already been sol<l and f have, a small waiting list 
of ])eople who have each d(‘[)osit(‘<l Rs. 2, to (‘iisure getting oiio f judge that th (3 
J^ihar three-tined cultivator, if marketed on a siiffieiently large scale to be njally 
cheap— at jrresent we are quoting Rs. 10 to Rs. 15 has a I’cal chance of rivalling 
the country plough in its appeal to the general mass of cultivators. Tlie firms so 
far Uterestc'd unj Messrs. Arthur Butler & ('O., of MuzaiTarpur, who have made a. 
very simple and, 1 think, sound three-tined boltless model, the Saran Engineering 
Co., Marhowrah, Saran, and Messrs. D, N. Ohosh & Sons of 84-A, (dive. Street, 
Calcutta, who have sui)plied nui copies of the .’-tined model ; and all tliese firms 
would, I know, welcome enquiries. 

The Bihar ridge plough enables the ordinary bullocks to be used to open up 
furrows for planting cam^ potato(\s, etc., and to (‘arth up maize, cotton, cane, pota- 
toes, etc., and eliminates tluj kodali (spade) from this class of work. So far only 
the small size with fixed mouldboards to throw ridges 2jl feet wide is available ; 
and that can be supplied either complete, or for fitting to the cultivator, by Messrs. 
Arthur Butler & Co., Muzafl'arpur. 

The Biliar plough enables the cultivator, even with small bullocks and in small 
plots, really to plough his land. Messrs. Arthur Butler & Co., have supplied me 
with the experimental model of which j)hotos have been shown, and are now making 
samples of a production model based on this and likely to be very satisfactory. 
They will, I know, welcome enquiries on this also. I owe them my grateful thanks 
for their very valuable assistance in supplying the experimental models on which 
to test the various, somewhat new, requirements I have detailed in the section 
on ploughs, left throw, offset, and steep point and share ; and I hope any one 
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interested in olitaining ploughs, cultivators and ridge ploughs, really built for work 
under the peculiar conditions of this country, will give this firm a trial order. 

Whenever the improvement of Indian agriculture*, is discussed we* arc met by the 
same vicious circle, poor cattle, poor tools, poor crops, little money, little fodder 
and so round to poor cattle again. The imj)l(‘meuts described can be bought for 
the litth^ mon(*y, and drawn by the poor (‘attic ; and tlndr use will result in better 
and bigger crops and so in more fodder and hefu^e b(*tter cattle. By them the 
vicious circle can be broken ; and in its place ))e forged i\ steady continuous chain 
of improvement in the lot of the Indian ryot. Jt only r(‘quires the Departments 
of Agriculture to test them stiHi(;iently t^) Ic’.arn their \ alue, and to demonstrate 
ili(*m wid(*ly, to ensure the demand that will bring the (‘ompetitiv(^ 
low ]>rice, and possibly, in addition to a gi’cat Ixuiefit to the cultivator, also a new 
industry to India. 

1 shall be only too pl(‘aBed to give any further information I can to tlu^ (kqiart- 
ni(‘nts and the jnildic generally on tht\sc implements, and to firms who are iutc’.rested 
in tluj niarmfacturc or marketing of any machinery for the use* of the ryot, and I 
claim to have Ixhui at work on this problem now long (mough, and under suftif icnitly 
varied conditions in Africa and India, to know fairly well what the ryot needs and 
can utilize, if th(‘>y will address me at mv address at Sepava (P. O.), District Saran, 
North Biliar. 



GALL FORMATION ON THE ROOTS OF MUSTARD DUE TO A 
SMUT (UROGYSTIS CORALLOIDES ROSTRUP).* 

BY 

M. MITRA, M.Sc., F.L.S., 

First Assistant to the Imperial Mycologist, 

Smut on mustard roots was observed for the first time in India in 1921 in a 
small village called Naranpur near Pusa. The mustard crop in a small plot, the 
area of which was about 100 sq. ft., had an unhealthy growth and formed only a 
small quantity of seed. On up-rooting the plants it was found that gall-like bodies 
were adhering to the roots and some of these were as big as I"-!!" in diameter and 
looked like tubers of potato. These galls were found on all parts of the root-system, 
i.e., on the main root, its branches and even on small rootlets. At first they arc 
small, but gradually increase in size till they attain the dimension mentioned above. 
The young galls are whitish, whi:e the mature ones are greyish black. When 
examined, they were found to be enlarged tissues of the roots and full of mycelium 
in which spore masses were found in abundance. On account of the enlargement, 
the xylem tissues were found to have undergone degeneration. The infection 
appeared to be local, as no mycelium was found in the sections of a neighbouring 
portion of the infected roots. 

The specimens were sent to the Director, Imperial Bureau of Mycology, who 
identified the fungus as Urocystis coralloide? Rostrup, a very rare fungus reported 
only twice before on cruciferous plants in Europe. Being apparently unknown 
elsewhere, nothing is known about its life-history. 

Rostrup was the first to find it in Denmark in 1881 on the roots of Twritis 
glabra, a cruciferous plant, and named it Urocystis coraUoidesA Later * on in 1899 
Lagerhein recorded its presence on the roots of Matthiola sinuata, another cruci- 
ferous plant, at Palvas in Montpellier, France.® He got it only on one plant though 
he uprooted a very large number of plants. Lastly, the present writer found it in 
India m 1921 in a village near Pusa on the roots of Brassica campest/ris var. sarson. 

This fungus is interesting, firstly because it is a very rare fungus, except in a 
small plot of 100 sq. ft. mentioned above, it has not been found anywhere else round 

* Kead before the Indian Science Congreas, held in Lahore in January 1927. 

‘ Rostrup, E. Un-nouvel Ustiiago souterrain etc. Revue Mycohgique, VoL 111, No. 11, 1818, p, 32. 

“ Rostrup, E. Wissenschaftliolie Original-Mittheilungen. Mycologische Noilzen 1. Botanisohos 
Centralblatt, Vol. V, No. 4, p. 126, 1881, 

“ Lagerhein, G. Contributions h la Flora, MyooJogi^ue des environs de Montpellier, BvJlttiii BoetUi 
Mycokgupu, de France, Vol. XV, p. 98, 1899. 
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about Pusa though a good deal of search was made. It is also interesting in view of 
the fact that very few smuts are found to attack roots and to form such large galls. 
Since the smut was first noticed, it is found in that particular plot year after year 
and has not been noticed in any other mustard plot in the vicinity. When the 
roots decay, spores are liberated in the soil and in due course infect subsequent 
crops. 

In 1923 a quantity of soil was obtained from that plot and put in 15 pots and 
sown with mustard seeds. All plants in the pots containing infected soil got smutted 
and produced galls. These pots were kept and in 1924 the previous year’s experi- 
ment was repeated with the same results. In 1925 the following infection experi- 
ment was carried out : — 

(o) Twenty pots containing infected soil of the previous year were sown with 
mustard, (b) Mustard was also sown in 15 pots after infecting the 
seeds with the spores of the fungus, (c) In 15 pots the soil of which 
was infected with the sj^ores of the fungus, seeds were sown, and ((/) 15 
pots were koj:)! as a control. All the plants in (a), i.e., 20 pots contain- 
ing infected soil, produced smut galls on the roots, while in the series 
(6) and (c) no sign of infection was noticed. 

liostrup^ described it on the roots of Turritis glalrra in Denmark as an irregular 
coraHikc, steel grey tiimer-like formation. He found it on the roots of numerous 
Turntis glah^xi, as well as on the branches and small rootlets. The tumour was 
iipto 4 (uii. in diameter. The spores consist of 1-3 big, dark brovm central cells of 
1 2-1 G [X in diameter surrounded by numerous small globular cells of brown colour. 
The spore ball was 30-40 jx in diameter.^ 

Morphology of the fungus. 

The young galls on the roots of mustard plants are light grey to whitish in colour 
and later on become darker and are found on roots, rootlets and even on very fine 
roots. The galls are enlarged portion of the roots, where the rootcells have become 
enlarged and are full of fungus mycelium and spores. The hyph® generally run 
between the cell walls but are also found inside the cells. The hyphae consist of 
granular protoplasm, are septate and the cell walls are very thin. Each cell is 
binucleate. The walls become so gelatinous that they run into each other and 
blend and are quite indistinguishable from one other. The spores are formed entirely 
from these gelatinous or mucilaginous hypha> groups and consist of a group of cells 
firmly bound together. Spore masses consist of 1-4 fertile cells surrounded by 
(permanently composed) an enveloping cortex of sterile cells formed from the por- 
tion of the hyph® which envelop the central fertile cells closely at a very early stage. 


^ Rostnip, E. Lo\ cit. 

* Rostrup, E. Loc. cit, 

Saooarda, Sylloge Faugorom, VoL VH, p. 621. 
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The central cells are distinguished from others by their large size, dark brown colour 
and thick coat. The outer cells are lighter in colour. The mycelium in mature 
galls practically disappears, i.c., is used up in the formation of spore balls and the 
spore balls lie freely in the tissue of the roots. Fertile cells are 14*3-19*3x 11*8 — 
17'2 (JL in diameter and the whole ball is 30-l-46*4~-21-5 — 49*6 (x in diameter. 

In addition to this species of Urocystis on mustard with large tuber-like gall- 
formations on the roots, there are a few other species known to form gall-like bodies 
or attack the underground portion of a plant such as Urocystis Cepulw sometime 
which occurs on bulbs of onions. U, Viokv has been found to attack the stem, 
leaves, petiole and also root-stalk of violets and to form irregular gall-like swellings. 
17. gladioli has been found to attack sometimes conns of cultivated kinds of Gladiol- 
ous, Z7. monotropoB is found on the roots and stem of Monotropi in Belgium and U. 
Orobanches has been recorded on the roots of Orobanch(is in Europe. 

In order to study the mode of infection and the life-history of the smut on mustard 
several attempts were made to germinate the spores, but unfortunately none 
succeeded. The fungus when present in the soil, as seen in the infected soil, can 
infect the plant, but the factors under which the spores germinate had not been 
found under laboratory conditions. 



MICR0-0KGAN18MiS AND THE PRODUCTION OF DAllL 


BY 

C. S. RAM AYYAR, B.A., 

First Assistant to the Imperial Agricultural Bacteriologist {Industrial), 

Dahl (Sanskrit, Dadhi)^ or milk curdled by the growth of certain lactic acid 
forming bacteria, is a preparation known in India from the earliest times. It is 
m(‘ntioned as an article required in the Vedic rites and ancient medical books speak 
of its therapeutic value. It is a common article of diet amongst Indians, and is 
g(‘nerally taken either mixed with rice or with salt or sugar. 

It is prepared l»y heating milk to boiling, allowing it to cool to blood heat and 
adding a small quantity of dahi from an earlier batch. The milk is covered and 
kept overniglit ; by the next morning it curdles, producing a smooth homogeneous 
(uird with an acid taster. 

Owing to the high temperature in the plains, especially in summer, it is difficult 
to keep milk sweet there for more than a few hours. Milk being a favourable me- 
dium for bacterial growth, putrefactive organisms multiply in it rapidly and in 
a f( w hours change it into a foul-smelling liquid. The heating of the milk to boil- 
ing point destroys most of the unwanted germs, and the subst^quent introduction 
of the dahi from a previous day’s preparation serves the purpose of inoculation 
with certain organisms w'hich, by producing acid, curdle the milk, and the acid 
produced checks the growth of gas-forming and putrefactive 1)acteria which would 
otherwise spoil the curd. Thus, by this treatment, the milk can be kept for a longer 
time in a state fit for human consumption. 

The use of dahi during meals, which is very common in Southern India, results 
ill the daily renewal of the lactic acid bacteria in the intestines and these, according 
to Metchinikoff, by virtue of the acid produced, oust all the | utrefying organisms 
from the alimentary tract and prevent premature decay. 

For butter making, milk is curdled by inoculating with dahi, which, after 
churning with a little water is known as matlha or buttermilk. Butter could be 
separated from the mattha if churned for a sufficiently long time. This buttermilk, 
with or without removal of butter, is used as a pleasant and refreshing drink, es- 
pecially in summer. Ayurvedic physicians reconmiend mattha to invalids and 
persons of weak digestion as being more easily digestible than raw milk. 

Very little work has been done in India regarding the micro-organisms found 
ni Indian dahi, although literature abounds m references to work carried out on 
similar preparations in other countries. Such fermented milk preparations are 
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known by various names" as Yogbourt in Bulgaria, Mazun in Armenia, Leben in 
Syria and Egypt, Koumis in Russia and Kefir dn the Caucasus ^regions. In most 
of these products, the lactose or milk sugar is changed partly into lactic acid by 
lactic bacteria and partly into alcohol by yeasts. In Koumis, for example, the fer- 
mentation produces one per cent, alcohol and 0*76 per cent, of acid, whereas 
in Yoghourt the action of yeasts is held in check by the rapid development of lactic 
acid bacteria. Dahi differs from these products in containing no alcohol. 

Bacteriological studies of the above-mentioned preparations have shown that 
they contain one. or more yeasts living symbiotically with lactic acid organisms, 
rods or cocci. 

Smears made from dahi show rods, some very long, cocci, short rods joined in 
pairs, and yeast cells (Fig. 1). The long rods when stained with watery methylene 
blue are seen to contain granules which are stained pink. As early as 1909, Chat- 
terjee^ described this lactic acid forming organism in dahi and named it Streptothrix 
Dadhi, We have examined dahi made at various places in India in different seasons 
and have found in dahi prepared in the hot weather the same organism as the one 
described by Chatterjee. It belongs to the B. Cmicasims or Kornchenbadlli group 
described by previous investigators in Europe. 

The chief characteristics of the organisms of this group are — (1) the unusual 
length they attain in milk and whey, especially in old cultures, (2) the formation 
of granules in young cultures in milk differentially stained with watery methylene 
blue and iodine, (3) the lack of growth on ordinary culture media like beef peptone 
agar, gelatine or potato, (4) their high optimum temperature for growth, viz., bet- 
ween 98° — 108°F., and (5) the high degree of acidity produced in millc. 

In summer, dahi, 24 hours after inoculation, contains this organism almost ex- 
clusively, generally in the form of rods 4 to 8 [jl.^ long and Ijji. broad (Fig. 2). Long 
threads, up to 50(jl in length, are sometimes met with in cultures kept at low tem- 
peratures. In pure cultures, these organisms produce 1 to 1*4 per cent, acid cal- 
culated as lactic acid in milk kept at 98°F. for 24 hours, and the acidity increases 
to 2*2 per cent, in 7 days when, probably owing to the high acidity and accumula- 
tion of metabolic products, the organisms die. The optimum temperature for 
their growth is 98°F. ; they are inactive at 108°F. and at 68°F. ; they are killed by 
being heated to 150°F. for fifteen minutes. They grow best in the absence of air, 
and curdle milk into a smooth firm curd, free from gas bubbles and with only slight 
extrusion of whey. 

Dahi prepared in winter, unlike that in summer, is less acidic in taste. This 
is due to the fact that the chief agent then resposible for curdling is a short rod 


^Chatteijeo, G. C. A now lactic acid producing atreptothrix found in the fermented milk of 
India called Dadhi. CeniralblaU Bd. 1, Vol. LIll, p. 103, 1909. 
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0-7(jL. in length, occurring in pairs (Fig. 3). This organism grows well at 68®F. and 
produces about 0*5 to 0*7 per cent, acid in 24 hours. This class of organism is nor« 
mally present in the air of dairies and is similar to the lactic acid organism found 
in starters used for butter and cheese making. The maximum acidity produced 
by this organism is only one per cent. In winter, when the temperature is not 
favourable for the growth of the Streptothrix, this small germ gains the upper hand 
and sweet dahi ” results. If, however, the milk is kept in a warm place, the usual 
Streptothrix appears with its characteristic high acid production, showing that the 
Streplothrix is always present in the dahi in a dormant state, ready to start growing 
when the temperature becomes favourable. The acidity produced by this short 
rod is not sufficient to check the growth of extraneous organisms ; hence the dahi 
made by the action of this organism will not keep so well as that made by the action 
of the Streftothrix, Occasionally, in winter, we find also a spheric.*!! organism or 
coccus. This, like the short rod, grows at low temperatures and does not produce 
much acid. 

Examinations of 8am[)le8 of sterilized milk from Karnal that had curdled while 
being stored in the dairy, in consequence of contamination from the air through 
Icfiks in the container, gave the interesting result that, in the case of samples 
that curdled in the cold weather, the cause of cmdling appeared to be a short rod 
producing a curd of low acidity, similar to the organism foimd in dahi prepared in 
tlie cold weather, while in the samples that curdled in the hot weather, the long 
Sfreptothrix organism was found and the curd tasted strongly acid. 

Always associated with both types of lactic acid organisms in dahi is a yeast 
of the Torula type (Fig. 4), which does not form spores. The cells are elongated 
and are 4 to 7[x long and 1*5 to 3jjL broad. The yeast does not grow in fresh milk' 
but only when the milk is curdled and has an acid reaction. It needs a plentiful 
supply of air and therefore grows only on the surface of tire curd. As it consumes 
the lactic acid formed by the other organisms we find that the acidity of the 
dahi, after reaching a certain maximum, decreases when the yeast begins to 
grow. 

As mentioned above, the Streplothrix in pure culture is killed by the acidity 
and the accumulation of bye-products after 7 days at 98®F. When, however, it is 
grown in association with this yeast it was found to remain alive for a month. In 
the case of the short rod, wffiich in pure cultures in milk dies in two weeks at 86'^F., 
inoculation with this yeast has been found to keep the culture alive for over four 
months. It may be that some of the bye-products of the yeast (vitamins ?) con- 
tribute to the lengthening of the life of the lactic acid organisms. At all events, 
the lactic acid organisms in conjunction with this yeast can thrive for a much longer 
time in dahi than they can alone, and therefore their cultures with yeast are easily 
maintained aUve and active.. 

The yeast graws well in media containing cane sugar or glucose but does not 
produce alcohol from any of the sugars. It produces a characteristic wrinlded 
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appearance on old cultures of dahi^ imparts to it a peculiar flavour, and peptonises 
the curd slowly. 

We have also carried out certain experiments to see whether cultures of lactic 
acid bacteria from sources other than dahi could be kept alive in agar for a longer 
time in mixed cultures of the organism and yeast than they do when grown alone, 
and in all cases it was found that association with yeast gives the organism a longer 
lease of life* 







No. 41 has developtxl seedh's*; hcrrles like Pandharl Sahehl. 



Note the compact nature of No. 31 bunch. 



Note the elongate! nature of berrlea. 






IMPROVEMENT OF PANDHARI SAHEBI GRAPE BY THE USE 

OF SEEDLINGS. 


BY 

G. S. CHEEMA, D. So., 
HorticuUurist to the Government of Bombay, 


The cultivation of grapes is perhaps the best developed fruit industry in the 
Presidency of Bombay. There are about 1,000 acres under grape cultivation in 
the neighbourhood of Nasik and they are chiefly of the Bhokari type and of rather 
low quality. Owing to the cultivation of this inferior grape, which has only a limit- 
ed market, the extension of the grape growing industry has not been so rapid as 
w^ould otherwise have been the case. This Bhokari grape contains a small per- 
centage of sugar, and is, therefore, more or less insipid in taste. However, it fetches 
a higher price than might have been expected, owing to the fact that it is the only 
grape available in the market at that time. The season extends from February 
till April, while the Quetta grap(*s or foreign varieties, such as the Spanish or Italian 
grapes, arrive later. It is, therefore, sold in the market in Bombay at an average 
of four to eight annas per poimd. 

The improvement in the quality of the grapes grown in the Deccan is, there- 
fore, a matter of great importance, and a good deal of time and study has been 
devoted to it. This work has necessitated a thorough study of all the types which 
are grqwn in the Bombay Presidency. It was early noticed that a variety known 
as Pandhari Sain bi is the best grape now in cultivation, for table use, but it is par- 
tially self-sterile, a characteristic already dealt with in an article in ‘‘ The Agrietd- 
tiiral Jourmil of India in November 1924. It was found, in fact, this variety 
requires pollination with Bhokari or any other fertile type in order to bear fruit, 
and that this necessity, together with its shy bearing habit, prevents its cultivation 
on a large scale. Consequently, the improvement of the Pandhari Sahebi variety 
by breeding and selection was undertaken with the idea of developing a tyj»e which 
would bear profusely without losing the quality of the fruit of the existing variety. 
The chief characteristics of the existing Pandhari Sahebi variety are : — 

(1) Vigorous growth habit with leaves not much lobed, rough to the touch, 

with serrate-crenate margins, petiole slightly pale pink. 

(2) Distinctive and very agreeable flavour of the berry. 

(3) Fairly large berries with a shining transparent appearance, and the best 

qualities of a table grape. 
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(4) Flowers mainly hermaplirodite, functioning as female owing to com- 
pletely or partially abortive pollen. 

(5) Uniform ripening and close set berries if properly fertilized. 

(6) A somewbat late, but long, blooming season. 

(7) A capacity to dry well as raisins, when necessary. 

Thus it will be seen that the strain has all the good qualities of a table grape. 
The only objection to it is that it lacks in (1) productiveness and (2) self-fertility. 
If its productiveness can be increased, and if it can be made self-fertile, it will be 
one of the finest grapes in India. 

Previous Ii^rvESTiaATiONS. 

It may be mentioned here that mprovement of grapes by raising seedlings is 
not a new thing. Hedrick^ states that a large number of types were evolved by 
raising seedlings. Patane^ mentions that a crop of American-French vines was 
raised from seeds in Italy in order to select better types for cultivation. Munson^ 
explains in an elaborate manner how he raised his seeds and how he grew them 
into tearing vines for his studies. In fact, it is a common practice with nurserymen 
to grow vines from seeds and then select the better types for use. But so far vines 
selected in America, France or any other country have not given satisfaction when 
cultivated in the Deccan. It would seem wise, therefore, that attempts should be 
made to produce desirable types out of our indigenous vines. It was with this 
aim in view that the hybridization of Bhokari with another variety known as Neelum 
was undertaken in the Ganeshkhind Botanical Gardens, Kirkee, by Dr, W. Bums 
in 1920. Only one seedling of this collection, however, at present survives, but 
it has not yet fruited. 

In the years since 1921, a further attempt has been made to see how far new 
types, with the desirable characters of Pandhari Sahebi, but with greater produc- 
tiveness and greater self-fertility, could be produced by using seedlings obtained 
from grapes of this variety. The results are already of some interest. 

Before describing the types obtained by this method, it may be noted that the 
self sterility of the Pandhari Sahebi variety seems, in part, at least to be due to 
the climatic conditions of the Deccan. When transferred to some parts of the 
Punjab and Sind it is far more self-fertile than in the Deccan. It has, for instance, 
given attractive and uniform bunches when grown at Montgomery (Punjab) where 
further trials are being made, and is being grown for trials in Sind. In the Deccan, 
however, it only gives good and uniform fruit when it is grown side by side with 
other types. 


’ Hedrick, U. P., and Anthony, R. D. Inheritance of certain charaoteos of grapes. Journal 
Agricultural Beeearch, VoL TV (1015), page 315. 

2 Patane, G. The selection and hybridization of American vines in Italy. Inier^ Metnem of 
Science and Prod, Agrt,, VII, No. 10 (1916). ’ 

» Munson, T. V. Fopndatiopi of American grape culture. New York, U. p. A,, 1900, 
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In the present experiments, a large number of seeds were collected from well 
formed fruits of the Pandhari Sahebi variety in March 1922. These were sown in 
pots, and germinated in two weeks. Selected seedlings were planted out, at 2^ 
months old, in the field, and by this means 64 seedlings were obtained, which were 
allowed to grow without further nursing, being treated exactly as other plants 
raised from cuttings. The land was, purposely, selected as being poor and shallow, 
to bring into prominence the yield characters, and so make the final selection easy. 
Several seedlings (six in number) bore fruit in 1925, and in 1927 fruit was obtained 
from fifteen of them. 

The following is a detailed description of the ^ arioiis types of plant and fruit 
obtained in these fifteen types which have already fruited. 

No, 3. Growth vigorous, self-fertile, compact bunch, medium berry, small 
seeds, soft. 

No, 4, Growth poor, partially self-fertile, loose bimch, small and medium 
sized berries. 

No, 5, Fairly good .gro\si}h, loose bunch, berry oval, medium in size, par- 
tially self-sterile. 

No, 7, Growth vigorous, loose bunch, big elongate berry, with 2 to 3 seeds, 
skin tough, self-fertile. 

No, 9, Growth good, partially self-sterile, loose irregular bunch, medium 
berry, 1 to 2 seeds. 

No, 11, Growth poor, partially self-sterile, loose bunch, berry ovoid, medium 
in size. 

No, 16, Growth vigorous, bunch loose, bloom late, berry small, oval and 
oblique, partially self-sterile. 

No, 18, Bunch loose and small, berry medium, fertile, makes good raisins. 

No, 21, Bunch compact, berry large, reddish, sw^eet, leaf like Pandhari 
Sahebi. 

No, 24, Growth meagre, sterility very great, berries medium size, globular, 
1-2 seeded, makes good raisins. 

No, 26, Compact small bunch, berries small, fertile. 

No, 27, Growth fairly vigorous, slight sterility, slightly loose bunch, berries 
medium, 2-4 seeded, tough skin, quality not very good. 

No, 28, Small bunch, inferior. 

No, 29, Growth vigorous, partially sterile, elongated but compact bunches, 
berry very much elongated, seed generally one. 

No, 30, Good growth, bunch long and compact, partially self-sterile, berries 
elongated. 

No, 31, Best growth, sterile, bunch compact and thickly packed up, berry 
medium, 1-4 seeds. 

No, 35, Poor growth, long loose bimch, berries much elongated, of medium 
ei^se, seeds few. 
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No» 38, Partially self«sterile, compact bunch, berry small and elongated, 
seeds 1-2 in number and soft, skin soft. 

No, 39, Partially self-sterile, bunch loose, berry elongated, seeds soft, skin 
soft. 

No, 41, Fair growth, self-sterile, loose bunch, seeds few. 

No, 94, Fertile, compact bunches, berry small, skin tough, bunches medium 
size. 

It can be seen from the above description that no two seedlings gave entirely 
similar fruit. A large number of seedlings, as would be expected, bear inferior 
fruit. As regards blossom, these seedlings fall into the following main groups : — 

(1) Self-sterile, such as number 41. 

(2) Partially self-sterile, such as Nos. 4, 9, 11. 

(3) Self-fertile, such as Nos. 3, 7. 

Apart from this, the shape of the bunches present an interesting study. Nos. 31 
and 33 have compact bunches, while Nos. 3, 39 and 41 have loose bunches. 

The most interesting feature, however, is the study of the quality of the berry. 
Number 29 has berries which resemble true Pandhari Sahebi. No. 21 has got big 
berries with a blackish colour. No. 27 presents berries which resemble Bhokari. 
Nos. 35 and 29 have developed elongated berries with very few and soft seeds. 

A very careful study of the growth, disease resistance as well as mildew resis- 
tance is being made. These results will be given separately after the final selection 
of the seedlings has been made. 



THE REINFORCEMENT OF ORGANIC MANURl^S WITH 
ARTIFICIAL FERTI USERS. 

BY 

C. M. HUTCItlNSON, C.T.E., B.A., 

FoTnierly hnperial Agriculixi/tal Bacteriologist. 

The great and preponderating value of humus in Indian soils, recognised by 
every agriculturist from the practical cultivator to the scientific experts of the 
Agricultural Departruent, has created a permanent and entirely justifiable bias or 
prejudice in favour of the use of organic rather than of artificial manures. No 
exponent of the value or convenience of the latter, if he knows his business, will 
suggest comphde substitution of organic manures by artificials, but will invariably 
recommend combination of the two classes in such a way as to implement, one another. 
It is a well recognized fact in Indian agricultural practi(*.e that supplies of such 
organic manures as cowdung and oilcakes fall far short of the requirements of the 
arable areas as a whole ; this defective supply generally leads to concentration of the 
available quantity uj)on that part of the cultivator's holding which will show the 
best return from tlie application, and upon this fraction the revenue crop which 
is to give him a harvest convertible into cash is raised. This policy of concentra- 
ting available manures upon the best bit of land leads inevitably to an increase 
jn the original discrepancy betw^een the good and the bad areas, to a falling off not 
only in the quantity but in the quality of the cultivator’s food crops, and in some 
cases to the adoption of unsound rotations in the endeavour to securer a higher 
percentage of revenue crops in tlie latter. All these disadvantages arise largely 
from the insufficiency of the Bupply of organic manure to cover the total arable 
area of any district. 

Now this insufficiency is mainly determined by the rate per acre at which the 
cultivator finds it necessary or advantageous to apply his cowdung or oilcake so as 
to get an adequate return in the form of increase in crop for the cash expenditure, 
or its equivalent, involved. This rate per acre is largely determined in «actual fact 
by the stimulating effect on the crop of the nitrogen content of the manure, as, 
although the average ryot is aware of the value of organic fertilizers as improvers 
of the condition of soil, he has a much more vivid conception of their action as crop 
stimulants and regulates the rate of application accordingly. Ilecent field experi- 
nienta designed with a view to obtaining reliable information on this subject have 
been carried out by the Agricultural Department in Bengal and, unlike most ma- 
uurial experiments in this country, have tiirown much light upon the subject. Thus 
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it has been shown that in a case where the usual local rate of application of cow- 
dung was 200 Mds. per acre, the use of a nitrogenous fertilizer, in this case Sulphate 
of Ammonia, in place of part of this amount, resulted in an increase of crop not 
only sufficient to pay for the higher cost of the artificial fertilizer, but to give a sub- 
stantial increase in profit for the mixed application, as compared with the control on 
which 200 Mds. of cowdung was used alone. To put it more clearly, in one case 
cowdung at the rate of 200 Mds. per acre was used and in the other 150 Mds. of 
cowdung together with J Md. Sulphate of Ammonia ; the latter combination 
although actually supplying no more nitrogen, gave an economic return showing 
a decided profit as compared with the cowdimg alone. Incidentally, the available 
condition of the Sulphate of Ammonia nitrogen would enable the latter to secure 
an immediate increase as compared with a delayed one from the cowdung alone. 

Here then we have a valuable indication of a direction of advance in agricul- 
tural practice which should lead to advantages of a serious order. Firstly, it appears 
that the use of artificial nitrogen because of its present low price and the ease of 
control of its action is attended with direct economic advantages in the form of 
early and profitable returns. Second, and still more important, is the fact that 
by dilution or reinforcement of the available supply of organic manure with artificial 
fertilizers this supply can be made to cover a greater area of land. Should further 
experiment confirm this observation and extend the operation of this method to 
other crops and soils, we should have arrived at a method whose importance can 
scarcely be exaggerated. In order to obtain any adequate comprehension of this 
subject it is necessary to realize that, wliilst organic matter as such is necessary 
to give to an arable soil certain physical characteristics essential for fertility, or- 
ganic manures, which should properly be considered as valuable mainly on account 
of their contributing to the supply of this soil constituent, are in most cases actually 
relied upon to provide nitrogen for the crop. Now the amount of this element 
contained in such manures as cowdung is small and in order to bring it into an 
“ available,” ix,, usable, condition much time and labour is required ; the plough- 
ing and harrowing or cultivation necessary to produce this result incidentally des- 
troys a large proportion of the organic matter in the soil, so that in order to obtain 
relatively small amounts of nitrogenous plant food large quantities of valuable 
organic matter are sacrificed, thus reducing the mechanical texture or '' tilth ” 
of the soil below its proper level and making it necessary to replace this loss if fer- 
tility is to be maintained. This is obviously a wasteful method and it is the more 
or less unconscious recognition of this fact which has been partly responsible for 
the adoption of the unsound practice above referred to of concentration of the 
available supplies of manure upon those portions of the arable area carrying the 
revenue or cash crops. Frequent references are made in public prints, and in more 
important pronouncements, to the necessity for raising the, at present, low level 
of fertility of Indian soils, especially with reference to the production of food crops. 
It does not seem to be sufficiently realized that in India there is a general distinC’* 
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tion between revenue or cash crops and food crops. Such crops as Tobacco, Sugar- 
cane and Jute, are specially prized as bringing in actual cash returns to the grower, 
of a much higher order than those obtainable from the saleable surplus of such food 
crops as rice, wheat and maize. The extent to which the former class will displace 
the latter in the cultivator’s fields will depend of course upon several considera- 
tions, such as the proportion of suitable soil and the necessities of rotation, but 
the fact remains that there is a strong tendency not only to reserve the better soils 
for revenue crops but to concentrate such supplies of manure as are available upon 
these portions of his land at the expense of the areas of lower fertility and of the 
food crops grown thereon. The ultimate result of this policy is to exaggerate the 
original differences in fertility between these two classes of land and by so doing 
to risk the ultimate extinction of large areas of food- producing soils as a consequence 
of gradual exhaustion of their fertility. If any alteration is to be made in this 
practice, it will probably depend upon diversion of part of the supply of organic 
manures from the revenue crop soils to the, at present, relatively poorer food crop 
areas, and the introduction of the method of diluting and extenuating such supplies 
by the use of artificial fertilizers appears to offer a means of doing this with chances 
(d economic success. It is therefore worthy of consideration whether the experi- 
mental work on fertilizers, which has lately received a new lease of life as a conse- 
quence of somewhat tardy roeognition of its importance, should not include a special 
set of experiments to determine how far it is possible to extend the area under treat- 
ment with indigenous organic manures by dilution of the latte j- with artificial fer- 
tilizers. 

Numerous experiments dealing with mixtur(\s of indigenous oigariic^ manures 
and artificials have indeed been carried out at various times and in various places 
in India, but there is no clear indication that the intention of these trials was to 
discover how far the inadequate supplies of the former class of manure could be 
extended by the complementary use of the latter. It is suggested therefore that 
it would be well werth while not only to examine old records, both published and 
unpublished, with a view to obtaining information on this point, but to institute 
fresh experiments for a tnmilar purpose. The recent drop in the prices of artificials 
should form an additional inducement to explore this possible method of develop- 
ing the agricultural potentiauties of the country. 
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THE KAISING OF SEEDLING CANES IN JAVA. II.* 

{Conrluded from VoL XXIllf Pi. I.) 


II. lines of Work and Technique. 

Earliest Crossincj work. 

UuRiNCi tlie campaign against sereh, trials were first made with various kinds of 
cane grown on the other islands of the Archipelago, but these proved to be either 
of too low yield or only partially resistant. Therefore crossing was commenced. 
Numbers were given to the seedlings selected, and a record was kept of them ; and 
in 1897 these were marked by the added letters POJ (Proefstation Oost Java), and 
those obtained from 1903 onwards were included. In Table V, extending over 11 
pages, Bannier gives the numbers and origin of all such seedlings as have been 
used in crossing work or were otherwise distinguished. Later, this series became 
official for Java as a whole, and vseedlings raised in other parts were added. In a 
separate column the seedlings still retained in the collection are indicated. From a 
careful study of this Tabic, a great deal of information can be obtained as t<j the 
direction, from time to time, of the line of work. Work done, previous to 1893, in 
raising cane seedlings was described in the ArchieJ by Kobus in 1893, and this is 
not dealt with by Bannier. 

In 1893, Wakker, the Director, was in charge of the seedling work. Free cross- 
ing was the rule, therefore the seedlings were either selfed or wind-fertilized. Cer- 
tain definite crossings were however attempted, but did not lead to any permanent 
results : it is interesting, however, to note that Black Cheribon was crossed with 
Kassoer in that year. Among the wind-fertilized seedlings, one of considerable value 
was, however, met with, namely 100 POJ. Years after, it became |)088ib]e to sug- 
gest the parentage of this variety, and Jeswiet and Bremer, in 1916, published 
papers making it practically certain that 100 POJ arose from an accidental pollina* 
tion of Bangjarmasin hitam by Loethers (a cane obtained from Mauritius by Wakkkb, 
according to Earle). From 1894 to 1896, free crossing continued and nothing 
important accrued, but, besides 100, 116 and 125 retained these numbers in the 
new POJ series. It was recognized that the chance of the best father meeting with 
the best mother was extremely remote by free wind-fertilization. 

* Reprinted froiu InL Stigar Jour,, XXIX, No. 337, Feb. 1927, 

The parentage of certain FOJ hinds, and of the best known other Java seedlings. 
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Ennobling of Chunnee. 

In 1897 Kobus struck out a new line. It will be remembered that he visited 
Nortli India for the collection of new types of sugarcane, on the chance of their 
being resistant to sereh ; and brought over some 18 varieties, whicli he grew on the 
island of Banca, as a quarantine station. Of these, he considered Ruckree and 
Chunnee to be the best, and transferred the latter to Pasoeroean in 189G. This 
cane was described as very thin and not long, extremely hard but with a good yield 
of sugar, very freely tillering and with high resistance to serch. Botanically, 
Bann£ER states that these Indian canes have recently been described by Jeswiet, 
and given the position of a separates sjfx^cies, under the name Saccharuni Barheri, 
to distinguish them from the ordinary tropical kinds known as Saccharum offi- 
ciffarum, Konus began at once to cross Chunnee with tropical canes. The latter 
are tiumed “ noble in the paper, and seedlings obtained by crossing them with 
Chunnee are appropriately called ennobled Chunnee.’’ When tbe latter arc again 
crossed with tropical canes, they are termed “ tvvdce ennobled Chunnee,” and so on. 

In this year, 1897, Koiujs crossed Chunnee with StrijM^d Preanger, and subse- 
quently with Black Cheribon. On the whole, however, the former is now known as 
the better cross, in that it has the power to liaiid down better characters than Black 
Cheribon. This direct crossing of Chunnee witli tropical canes continued till about 
1912, and Bannikr therefore describes this as the “ Cimmiee Period.” 

In 1898 and 1899 Chunnee was crossed exclusively with Black Cheribon, but 
latiir, others were also used : this |X‘riod of direct crossing lasting until 1905, The 
following additions to the POJ series were the result : 33. 3G, 139 (1897), 213, 228 
(1899), 82G, 979 (1905). The full parentage of these and other of the more important 
POJ seedlings is given in the genealogical diagram on Table VII. which is repro- 
duced in the present paper. The chief eliaracUvrs of these direct Chunnee seedlings 
are as follows : thin, moderate yield of sugar, definite hollow centre in the canes, 
resistant to serch, strong root system and therefore very hardy, great tendency 
towards logging, and very high susceptibility to mosaic (strepeiiziekte). 

In 1905, the best direct Chunnee seedlings were crossed with one another, and the 
resulting seedlings are known as derived Chunnee descendants (afgeleide Chunnee 
nakomelingen). The best results were obtained in 1907, by crossing 213 POJ by 
369 POJ and 385 POJ by 181 POJ, and the foIlo\nng were produced : 1499, 1507 
and 1647 POJ* These were distinguished by having a Indter habit than the direct 
Chimnoo seedlings, their sugar production was very good, there was less lodging 
(except in 1607), they were smaller, had a satisfactory to high weight of cane, but 
retained the susceptibility to mosaic. Because of this defect, and also the fact 
that, during the year in which they were distributed, better tropical canes were 
available, the derived seedlings exercised a less permanent effect on the industry 
than the former direct ones. Although they replaced the latter, and were more 
widely spread, they themselves were more quickly discarded. 
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Further ennobling of Chunnee has also been attempted, and among others the 
twice ennobled 2806 POJ was obtained by crossing 1647 POJ with 247B. This 
seedling gives good production of sugar on good land, but rarely better than tropical 
canes. Thus, the ennobling of Chunnee has led to no permanent improvement in 
the canes of Java. After 1914, crossing with it rapidly declined, and at present 
Chunnee is never used, and its seedlings rarely and then only in combination with 
Kassoer blood. From tliis latter combination 2763 POJ was obtained, a form which 
unites the good characters of both ancestors, with the exception of the Chunnee 
susceptibility to mosaic. This seedling gives great returns on heavy, wet, clayey 
soil. 


Breeding with tropical canes alone. 

Before 1910, a number of crossings were made between tropical canes, but with 
little result ; and very few seedlings were added to the POJ collection. The Chunnee 
work was at tliis time considered to be more important, and still took by far the 
leading part in the yearly campaigns. Again, after the cessation of the latter, 
about 1912, and before Kassoer had attracted attention, for several years a great 
deal of work was done with tropical canes. The most various parents were used : 
Eandjarmasin hitam, Black Cheriboii, Green German New Guinea, Batjan, Loethers, 
and many others. And, further from 1913 to 1916, much selfing was tried among 
them. 

Certain seedlings of good liabit were produced, especially with Fiji and Green 
German New Guinea, but the production of sugar was low in most, and all of the 
better ones were far too susceptible to sereh and mosaic. Thus no pemianent 
improvement was effected. Since resistance to disease still remained the chief desi- 
deratum, in later years crossing among tropical canes was carried on, rather for the 
furtherance of studies in the inheritance of characters in the sugarcane, than for 
the production of useful commercial varieties. 

The Ennobling op Kassoer. 

This cane has given better results than Chunnee. Far long the nature of Kassoer 
was imcertain, and at first it was regarded as a distinct kind, strong in its growth and 
resistant to disease. For this reason, as has already been noted, it was crossed with 
a tropical cane in 1893 ; and this was repeated in 1907, 1908 and 1909. But the low 
percentage of sugar in the seedlings, even when crossed with rich canes, led to its 
being discarded. In the latter three years, Glagah [Sacohamm spontaneum) was 
also thus crossed, but the results were unsatisfactory. In 1911, Kassoer was, how- 
ever, again tried by Wilbrink, when it was crossed with both Black Cheribon and 
100 POJ. Out of the great number of seedlings obtained, some 200 were added to 
the POJ collection. These were as before strong in rooting and growth, and refSttilh 
tant to sereh and mosaic, but all of them had little sugar. 
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About 1^16, Jeswiet was able to throw fresh light upon the nature of Ea&soer, 
and the causes of its previous failures to satisfy. This was the result of a careful 
study of the morphological cliaracters of Saccharum spontaneiim, Sacclmrum oifid^ 
narum and Kassoer ; and he came to the conclusion that Kassoer was probably 
the result of a chance hybridization between tJiese two species. And this assump- 
tion was strengthened in 1917 by crossing Glagah direct with a seedling of Black 
Cheribon X Fiji; the resulting seedlings, 2772, 2775, and 2776 POJ, were m all their 
characters very similar to Kassoer and could indeed safely be described as “ self- 
made Kassoers ” (eingemaskte Kassoers). Bkkmer, in 1922, added confirmation, by 
a study of the numbers of chromosomes in the two supposed parents and in Kassoer 
itself. Kassoer can thus be regarded as an ennobled Glagah or Saccfuirum spon^ 
tamum. The latter has little juice and nearly no sugar, Kassoer has sugar and dis- 
tinctly more sap. Crosses between Kassoer and tropical canes (twice ennobled 
Glagah) have better apfiearance and higher sugar, coupled with strong root growth 
and resistance to disease. 

When the true nature of Kassoer had been determined, an impetus was given to 
its further ennobling, and this took the place of the crossing between tropical canes 
in the annual programme. In 1916, various Kassoer seedlings obtained by 
WiLBRiNK in 1911 were crossed with Ek 28, but the results were not a great success, 
in 1917, however, attention wa.s attracted to another of these seedlings, 2364 POJ 
(100 POJ X K). It had very good habit, was erect, sufficiently tliick and very long 
jointed, had robust growth, a strong root system and . good leafy crown, and its 
sugar content was better than tliht of its congeners. But its most important charac- 
ter was its capacity for handing down its good qualities to its offspring, which is 
frequently not the case with good cane varieties. Of many other seedlings of this 
series, tried in 1917, 2364 POJ has proved to be easily the best. 

It was crossed with 2571 POJ, 2592 POJ, Ek 28 and Batjan, and a number of 
its seedlings were added to the POJ collection in 1918 to 1919. Crossed, as mother, 
with Ek 28, it gave among others 2714, 2722 and 2725 POJ ; and with Batjan, 2727 
POJ. These twice ennobled Kassoer (thrice ennobled Glagah) have the robust 
growth, strong root system, and complete or partial resistance of Glagah, with 
sufficient sugar and the good habit of the tropical fathers, grand and great -grand 
parents. The sugar content of some was very good. Their productivity, especially 
in good light soil, was not very liigh, and they required much water. On clayey 
soils, especially such as were not of the best quality, 2727 POJ became prominent, 
while 2722 and 2725 required much water and early planting. The. POJ collection 
thus reached a higher level with Kassoer than with Chuimee, and after 1924 the 
area planted with POJ seedlings distinctly increased. 

From 1917 onwards the same line of work was continued. Many variants were 
tested in the crossing, but 2364 POJ X Ek 28 consistently gave the best results. 
From this cross arose, in 1921, the seedlings 2878 and 2883 POJ, which surpassed the 
1917 three (2714, 2722 and 2726 POJ)* The best of the latter plants flowers very 
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freely and consequently soon become pithy, whereas 2878 POJ flowers very little, 
which is a great advantage, has liigh sugar and great weight of cane, and is very 
slightly affected by mosaic. POJ 2883 gives somewhat less sugar, flowers more and 
is very susceptible to mosaic. Every year hundreds of seedlings are raised, in the 
hope of obtaining better ones. New possibilities may arise, chiefly by way of other 
tropical parents, with as high sugar as possible, and especially the power to pass 
on their characters. The increase in resistance is not now of so much importance, 
as this is thought to be fully guarded by Kassoer. 

Apart from this work with 2364 P ' J , many other seedlings of the same paren- 
tage have been tried, as well as Glagati itself with the idea of obtaining a better 
basal cane than Kassoer. A certain amount of thrice ennobling of Kassoer (four 
times ennobling Glagah) has also been attempted, and for this work the best mothers 
appear to be 2722 and 2875 POJ. The percentages, in the batches of seedlings, with 
good sugar was higher, but tlie average resistance less. Hence the resistance to 
disease occupies an important position, again, in the selection of these seedlings with 
attenuated Kassoer blood. Lastly, besides tropical canes witlx high sugar content 
and low resistance, Kassoer seedlings are being crossed with such kinds as Green 
German New Guinea, Fiji, Sampang A and Sawoe Kroepoek, forms which have 
greater resistance to disease and very good habit, but are comparatively low in sugar. 
As might be expected, in the batches of seedlings obtained, liiglxer resistance is met 
with, but the sugar content is 1 ; and the clixince of obtaining the desired forms is 

accordingly less, although the method is considered worthy of further trial. 

% 

EnN03?LING SaCCHARUM SINKNSK. 

During recent years, a good deal of crossing has been done with tliis class of 
canes, which are extensively grown in China, Formosa, British India, and in many 
other places. The best known are Tek-cha, Puri, Uba, Zwinga, Kavaugire and 
Cayana. The main characteristics of these cancs are : low weights of cane, reason- 
ably good sugar, strong root system, and resistance to sereh : their sus(‘eptibility to 
mosaic varies in the forms studied, but is certainly hjss than was formerly thought. 
There are some hopes entertained that by crossing these some results of value may 
be obtained, but the success along this line is at present small. Kavangire appears 
to be the best for crossing purposes. 

The inheritance of characters on the sugarcane. 

Unfortunately, next to notliing is known in this matter and this is put down by 
the author to the complicated hybridization of the cultivated sugarcancs. But 
some of the results obtained during the long study of seedlings at Pasoeroean are 
considered to be worth recording. In the first place, Bannier is very careful in 
guarding against the assumption, which, he states, is met with among some workers 
in cane breeding, that the different parents pass on their characters in equal degree. 
Thus, it is wholly erroneous to imagine that, in a cross between Glagah and a teopical 
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cane, half of the seedlings will resemble each parent, or that in thrice ennobled 
Glagah the proportion would be one-eighth to seven -eighths. As a matter of fact, 
when Glagah is crossed with a tropical cane, very many seedlings of the batch differ 
little from it, others are intermediate, while very few show any strong likeness to 
the tropical parent. All kinds of cane exhibit very great variations among their 
offspring, and certain kinds transmit their own characters much more strongly than 
others : and, since a great number of parents have been used in crossing for many 
years at Fasoeroean, certain conclusions have been arrived at in this respect. Some 
of these arc given in the following pages, and it is thought that the information given 
will be of use as a guide in deciding on the year's crossing programme. BannierA 
list is here summarized, as useful information is given regarding the behaviour on 
crossing of a large number of well known canes. 

1(M> FOJ^ : very few seedlings arc obtained in the batches with this cane as 
mothiir, and UBually with poor liabit : these flower heavily, and the sugar is low, 
and very seldom even reasonably good. Therefore 100 POJ is not useii for the 
production of commercial canes, but rather for the study of others which are also 
early flowering and male fi^rl-ile. 

2194 POj : usually flowers heavily and very early : it is tall, and this character 
is hand(Hl on to its few descendants : they g<aieral]y have a very good habit, but 
little thicknoHs : internally very solid, but with many cracks and low sugar. There- 
fore 2194 J*t )J is seldom used for crossing, 

2254 POJ: like 22()4 POJ, this cane is j)re-eminent as a disease resistant mother 
of Kassoer origin : its seedlings iiilierit its thinness : neat in habit and not very free 
flowering, lik<‘ the parent : sugar usually sutlicieat, but the chief defect is the low 
weight of cane. 

2364 POJ : used in a great number of (H)ini>imitlons during the last ten years, 
])as8ing almost all of its goofl characters on : t he number of seedlings is usually small, 
but more when raised at Malang. The most dosiruble characters of the seedlings 
are : moderate thickness (gieater than in the parent), siitlicicnt to very good length, 
long, straight joints, strong root system and almosi always good sugar. The 
defects are heav}' flowc’ring an<l conse<pient pithiness, and tliese characters should 
1)0 specially noted in selection. The best male parents for this cane, thus far, arc 
EK 28 and S\V 111. 

2722 POJ : often used us mother plant of thrice ennobled Glagah. In the seedl- 
ings, the canes are long and very heavy, but with the thickeneil nodes of the parent, 
and thus have a less handsome appearance : amount of flowering very variable, and 
usually solid stemmed. Crossed with all possible tropical parents, the seedlings have 
sufficient to very high sugar content. 


* In those ahori deecriptiono, the writer fotind it dithcult tc get at the exact meaning of some of the 
wonis, c.y., knokig (bony), grof (coarscj), Ixsaohaaid (poUahed). 'I'he first two are not usually applioil 
to Bugarcanoa ; and In tlio present l>aj>er the thjnee words are translated “ with thicken^ ntnies ’’ 
“ rough and ** neat ” reapectivefy^ 

F 2 
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2725 POJ : there are many descendants from this mother, but with very few good 
characters : often rough and with nodes thickened : flowering very heavily and 
quickly becoming pithy, and sugar only moderate : buds stand out and easily start 
shooting. 

2780 POJ: used regularly as mother during recent years, because the descendants 
usually have good fonn. They have long and very heavy canes, but joints a little 
zigzag : flowering small, but a distinct hollow in the stem : sugar very variable. 
As 2780 POJ is itself low in sugar, it should only be crossed with rich canes. 

2802 POJ: seedlings stand out because of their neat appearance : straight and 
cylindrical and with little flowering : sugar sufficient to good. The great defect is 
thinness, therefore best crossed with thick fathers,, preferably with high sugar, such 
as Bandjarmasin hitam, Preanger, and Soerat Bantcng. 

2806 POJ: this seedling hands down the typical characters of its Chunnee ances- 
tor, good sugar, great susceptibility to mosaic and pithiness, to its seedl ngs. Their 
appearance is usually good : thicker and heavier than 2806 POJ itself : joints zigzag 
and frequent cracks and protruding root eyes : flowering consistently heavy, and 
the tendency for the mother shoot, to develop more rapidly than the tillers, strongly 
inherited. This seedling is only used in crossing with Kassoer in order to increase the 
resistance to mosaic. 

2822 POJ : flowers heavily and for a long time, therefore much used as a father 
because of its fertile anthers and producing large batches of seedlings if the mother 
oflers no hindrance. The inheritance of characters in the seedlings is very variable : 
they have moderate sugar, sometimes very low or very high : similarly with the 
amount of flowering and pithiness form : often good, straight and very thick, but 
sometimes with enlarged nodes : the violet colour of the father often seen in 
seedlings* 

2836 POJ : used in very many crossings as mother, as it is very thick, with 
good length and handsome appearance — characters which are found in many of 
its seedlings, but, with this habit, they also inherit low sugar content. All of these 
characters are inherited from Ardjoeno, a cane which hands them down strongly, 
and thus 2836 POJ is unsuited for crossing. 

2853 POJ : from a cross betw^een a ‘^self-made Kassoer ” and Striped Preanger. 
For a grandchild of Glagah it is surprisingly thick, and this character is freely passed 
on to its seedlings : in these, the joints are often swollen and deformed, and the 
canes crooked and weak (slap), besides wffiich, the tillering is poor. The sugar 
content is, however, for a thrice emiob’ed Glagah, very high ; and for this reason 
the seedling, which is sometinieH male fertile and sometimes not. is much used in 
crossing. 

2875 POJ: of great value in crossing work : its own characters are not so good 
as those of 2878 and 2883 POJ, but it transmits better characters to its seedlinga 
than these do. The habit of the seedlings is often very fine (mooi), while the thick* 
ness and length of the canes are sufficient : usually long jointed, but flowering oceuxs 



THE EAI8ING OF SEEDLING CANES IN JAVA, II 


125 


in some : sugar mostly good. The number of seedlings in the batches is uniformly 
high. 

2883 POJ : batches small, even when crossed with fertile fathers : the few des- 
cendants are usually rough and deformed : flowering is variable and the sugar is 
not high : very often pithy, although 2883 POJ itself appears solid enough. 

2887 POJ : A valued mother, usually producing large batches of seedlings. In 
these there is great varial)ility, some being very poor and some with very good 
habit : thickness usually sufficient, but tops often suffering from pithiness ; sugar 
also very variable, but good juice not infrequent. Xhc seedling certainly has good 
characters, which may be handed down to its descendants. 

2914 PO.) : attracts attention because of its abnormally long and handsome, 
upright canes, which are found in many of its descendants ; but their canes have 
small thickness and low sugar. Therefore this seedling is unsuited for crossing 
purposes. 

247 B : greatly used as father in early years, but with small permanent result : 
seedlings often rough and very heavily flow’ering : the zigzag canes and many 
cracks are also handed down : sugar very variable, but rarely high. The percentage 
of good seedlings with 2 17 B as father is small in the batches. 

I)I 62 ; usually with little fertile pollen, and when used as mother results never 
good, while w^hen selfed the seedlings usually misformed dwarfs. In later years it 
has been found that, when grown at Malang, fertile pollen is produced, and there- 
fore it has been tried as father. The results at present are few, but it already appears 
that the good sugar of the parent is transmitted in the offspring, which also have 
a very good habit. 

EK 2 : not well suited for crossing, because of the deformed character of the 
canes and the projecting buds, transmitted by the father. Plants with splits also, 
often met with in the batches of seedlings : sugar variable, but may be very high 
sometimes : the bad habit is, however, a serious defect. 

EK 28 : one of the most useful among the fathers : fertility of the pollen often 
very low, but greater at Malang, hence large batches in this place. EK 28 often 
transmits a good habit, yet the number of worthless seedlings is large : sugar is 
usually good, but heavy flowering is met with, and is a defect : late ripening is also 
handed down. 

SW 3 ; as with SW 111, only suited for crossing with thick mothers : thinness a 
character of very many of its seedlings, and sometimes unevenness added. Yet the 
habit is not bad ; len^ of cane is usually sufi&oient and the joint formation often 
better than in the parent (see Batjan at the end). Sometimes the canes are weak : 
flowering varies, but does not occur in very many : sugar is not bad, but good juice 
is, nevertheless, rare. 

SW 111 : practically as SW 3/ but oertain results better : seedlings also thin, 
but of good habit and usually straight and longiointed : flowering, however, 
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copious : sugar not bad and sometimes very good, and early ripening seen in many. 
For this reason SW 111 is readily used in crossing. 

Bandjarmasin hitam : flowering rare at Pasoeroean and little pollen, but both 
better at Malang : fertility very high there at the beginning of the season but very 
low towards the end. So this kind can be used as father or as mother : its thick- 
ness very strongly inherited, often with good sugar : habit, however, rough : eyes 
stand out strongly, and canes are often dry in centre : batches usually small. 

Black Cheribon : much used in early years, but chiefly with Chunneo and its 
descendants : the characters of the latter strongly dominate in the seedlings, and 
therefore little is known about the inheritance in Black Cheribon. The fertility of 
its pollen very low or nil at Pasoeroean, but moderately high at Malang, especially 
in the beginning of the flowering season : it was generally used as mother, and then 
large batches obtained. In the seedlings the variability of the characters of the 
female parent great : habit not bad, and so with sugar : but in all respects Black 
Cheribon is less useful than Proanger. 

Preanger : fertility of pollen practically as in Bandjarmasin hitam, and batches 
not large : habit very neat : canes not very long, but joints well formed : sugar 
varies a great deal, but sometimes very satisfactorily high. This variety transmits 
its good qualities better than other original canes. 

Ardjoeno : characters referred to under 2836 POJ : descendants-, have thick and 
heavy canes, and short and swollen joints : plants rough and often very weak, 
but percentage of seedlings with good habit high : sugar specially low : flowering 
not very heavy. 

Green German New Guinea, Sampang A and Sawoe Kroepoek : related to one 
another, and similar as to transmission of characters to descendants. These have 
good habit, but moderate to very low sugar is seen in many seedlings : canes usually 
very thick, straight and cylindrical : length sufficient : flowering very variable : 
buds usually flat on stem. Sampang A stands out in some combinations, in others 
the remaining two, but the batches with Sampang A as father are largest. When 
these canes are used for fourth ennobling of Glagah, some j)lants are found with very 
satisfactory sugar. 

Lahaina : much valued as mother : flowering little in the plains, but better at 
Malang. The cane only to be used in the green variant, as the chlorophyll-free 
places on the stem are continued into the inflorescence : many ovaries are without 
chlorophyll, and give colourless seedlings which soon die. Transmission of high 
sugar is very strong, but so is that of the weak roots, and the susceptibility to sereh 
and mosaic. In the seedlings, cane habit heavy, but sometimes rough and crooked 
or weak : joints often short and deformed, and root eyes quickly protruding : flower- 
ing rare. Because of high sugar content Lahiana is desirable in crossing. 

Loethers : stands out because of the high sugar in its descendants : habit usually 
not very good (mooi)-: canes moderately thick, but weak, rough and zigzag : many 
plants have pointed and sprouting buds : heavy flowering largely transmitted, with 
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thin tops and much pithiness. Sometimes the habit is distinctly better, and there- 
fore Loethers occupies an enviable position in crossing. 

Fiji : to a certain degree comparable with the Green German New Guinea group : 
its good habits found in many seedlings : canes usually very long and thick, but with 
zigzag joints : eyes sometimes much swollen and cracks not rare. ^Vhen used as 
father, large batches are obtained, in which the seedlings are heavy and have little 
flowering. The transmission of good habit is perhaps less than in the group above 
mentioned, but that of high sugar is greater. This is not high in Fiji itself, and even 
less in the seedlings, but those with sufficient sugar are not rare. 

Batjan : as in Lahaina the striped form is not used, and for the same reason. 
Habit and sugar content largely transmitted, the canes being consistently very 
thin, often weak, but very long : many show the peculiar swelling joints of Batjan. 
Flowering variably and many with the same susceptibility to disease as the parent : 
sugar content well transmitted, mostly good and sometimes high. As father, 
Batjan comes a little behind its descendants S and especially S\V 111. For this 
cane to be of use, it must be crossed with thick mothers. 

ni. Summary of the Results obtained, 1893«*1925. 

This portion of Bannier’s paper is devoted to the details of the crossing work 
during the whole period, and these are presented in tabular form. The Taljles are 
preceded by short statements concorning them, but it will suffice, in the absence of 
the Tables themselves, merely to refer to the nature of the matter dealt with. 

Table I gives, for each year, the numbers of arrows sown, combinations of parents, 
combinations used for the first time, successful ones, i e,, where at least ten seedlings 
were obtained, and seedlings planted out. The totals for the whole period were : 
G,881 arrows sown, 2,825 different combinations used, and 392,871 seedlings planted 
out. Table II gives, for the period 1912-1925, an analysis of the same details for 
each year, separating artificial crosses from those obtained by wind or selling. In 
Table III, the combinations of parents are grouped into ten divisions as follows ; 
tropical canes only, ennobling Chunnee, twice ennobling Chunnee, thrice ennobling 
Chumiee, twice ennobling Glagah, thrice ennobling Glagah, four times ennobling 
Glagah, combinations between ennobled Chunnee and ennobled Glagah, Sac<^harum 
sinense, and others. 

Table IV gives the details of the various combinations used in each year, and the 
results obtained in e^ch combination : numbers of arrows harvested, seedlings 
planted out, selected at the end of the first year, at the end of the second year, and 
at the end of the third year, added to the POJ collection. This Table, of course, 
covers many pages (62), and practically forms a diary, year by year, of the crossing 
work of the Pasoeroean station. Table V has already been refeired to, as containing 
details of the complete PO,J collection, with their immediate parentage, and those 
which are still in the collection at Pasoeroen. Table VI contains curves of the 
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various combinations for the whole period : tropical canes only, Chunnee ennobling, 
Glagah ennobling and others. In the latter, are included combinations between 
Chunnee and Glagah seedlings, the ennobling of Saccharum sinense^ and again others : 
this curve is nowhere high. The diagram gives a clear idea of the stage of develop- 
ment at any penod. This, in 1925, the crossing programme included about 75 
per cent, of Glagah ennobling, 8 per cent, of crosses between tropical canes only, 
and 17 per cent, of others,” as defined above. This proportion has been practi- 
cally imaitered since 1918, although a small amount of Chunnee crossing was done 
at intervals. 

C. A. B. 



THE TECHNIQUE OF VITAMIN ASSAY * 


When it was found that a diet of pure protein, fat, and carbohydrate with salts 
and water was incapable of maintaining life in animals unless small quantities of 
certain natural foods were added, or the content of the diet in the other known 
constituents, the foundation was laid upon which has been built in the last fifteen 
years a vast store of knowledge about the properties and occurrence of these un- 
known accessory food factors or vitamins. At first investigators w’ere concerned 
with the qualitative distribution of each vitamin, as it was discovered : only later 
w^as attention directed to its quantitative estimation in different sources, as the 
methods of assay became more perfected. These lines of approach to an accurate 
knowdedge are in use to-day, when a new vitamin is discovered, as is shown by 
the work of Evans and his collaborators on Vitamin E, or the reproductive factor. 

It is obviously important from the point of view of dietetics and medicine that 
the amounts of the vitamins in different food and medicinal products should be 
accurately knowm. Such knowdedge can be obtained at present only indirectly, 
since the vitamins have not yet been isolated in pure form, and any fallacies in- 
herent in such a method of as.say are greatly enhanced by the fact that, in gen- 
eral, bving animals must be used for the test. Hence im{)rovements in technique 
relate to the use of a standardized animal, bred especially for the purpose, and 
placed on a diet either deficient solely in the factor to be assayed, or so designated 
as to enable the observer to obtain a clear-cut response on the part of the animal 
or even of a given tissue, when the missing factor is added to the diet. Recent 
improvements in technique are especially noticeable in the case of Vitamin A or 
the growth-promoting factor, and Vitamiii D or the bone-calcifying factor A 
fuither interesting development is the use of a colour test, which can be used for 
the quantitative estimation of Vitamin A, and bids fair in time to replace the labo- 
rious growth test on animals altogether. 

The details to be followed in the production of a standard breed of rats for the 
assay of the fat-soluble Vitamins A and D are discussed by H. Chick and H. H. 
Smith and H. Chick (Biochem, Jour , , 1926, Vol. 20, pp. 119,131). The authors 
were led to their researches by finding unexplained irregularities in the behavi- 
our of the young rats when placexi upon tlie standard basal diet deficient in fat- 
soluble vitamins. In general, better growth and calcification of the bones were 
found in summer and autumn than in winter and spring. Neither the degree of 
illumination to which the animals were exposed nor the constituents of the stan- 
dard deficient diet wesre found to be implicated in this variability. It may per- 


^ itepriated from Haiw^ No. 298S. 
( W ) 
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haps be mentioned here that the diet largely used in Great Britain consists of in- 
activated caseinogen, starch, a hardened vegetable oil, salts and water, together 
with ‘ marmite ’ and lemon juice to supply Vitamins B and 0 respectively. The 
caseinogen is inactivated, Le,, any fat-soluble vitamins present are destroyed by 
heating it to 120®-130°C. for thirty-six hours. 

Examination of the diet given to the stock-breeding rats, however, disclosed 
the possibility of serious variations in the amount of Vitamin D, witli smaller chan- 
ges in the case of Vitamin A, dependent upon seasonal alterations in the content 
of these vitamins in the fresh milk of the diet. It is well known that the store of 
fat-soluble vitamins in young rats depends on the previous diet of the mother, es- 
pecially during pregnancy and lactation. Hence the diet of the stock animals 
should contain, if possible, a constant and sufficient, but not excessive, quantity 
of fat-soluble vitamins. This ideal was approached by replacing fresh milk with a 
dried winter milk towards the end of pregnancy and continuing its use during lac- 
tation, and, in the case of the young, during the period elapsing between weaning 
and placing on the deficient diet. Earlier use of this milk in the mother’s diet 
lowered the store of vitamins too much, so that it became difficult to rear the young. 
The other constituents of the diet, bread, whole cereals and seeds, fresh raw vege- 
tables, and marmite, with meat twice a week, provided a steady supply of Vitamin 
A ; so that the irregularities in the young rats were probably chiefly caused by 
variations in their stores of Vitamin D. 

The fact that the latter vitamin may be responsible for variations in growth 
has only recently been realized, with the definite demonstration that Vitamins 
A and D arc distinct accessory food factors. Its importance is demonstrated by 
the following considerations : the original standard diet deficient in fat-soluble 
^ntamins is deficient in both : cessation of growdh may then be due to exhaustion 
of either, and resumption of growth, on supplementing the diet with a material 
containing them again to either, or both, of the vitamins present. Hence titra- 
tions of Vitamin A may be considerably affected by the presence or absence of 
Vitamin D from the diet or body of the experimental animal. 

This question has been carefully examined by J. C. Drummond, K. H. Coward 
and J. Hardy [Bioclum, Jour,, 1925, Vol. 19, p. 1068). The authors found that 
irradiated cholesterol, which is now known to have marked antirachitic potency, 
that is, to contain Vitamin D, can, under certain conditions, cause resumption 
of growth in rats on the standard-deficient diet. But the authors show that this 
does not mean that by irradiating cholesterol, Vitamin A is generated. In the 
first place, the colour reactions of irradiated cholesterol are not those usually asso- 
ciated with Vitamin A (this subject is discussed more fully below) ; secondly, the 
addition of the irradiated material to the diet only produced resumption of growth 
when given soon after growth had ceased ; later it was without this effect ; and 
thirdly, the resumption of growth was only temporary and could not be maintain- 
ed by increasing the dose, although small doses of ood-liver oil prevented the de- 
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cline in weight, in fact, allowed growth to continue. The authors conclude that 
the store of Vitamin A in the animal is only available in the presence of Vitamin 
D, and that the irradiated choh^sterol supplies the latter and not the fonner. 

Hence in comparing the growth-promoting powers of two materials, one of 
which contains Vitamins A and D, and the other Vitamm A only, an erroneous 
idea of their relative contents in Vitamin A can easily be obtained if the animals 
at the time are suffering from a simultaneous deficiency of Vitamin D. With the 
former supplement, growth would be dependent on both vitamins together ; with 
the latter, little growth would probably be seen, unless the animals still had a store 
of Vitamm D, although the Vitamin A content of both materials might be the 
same. The important conclusion is therefore reached that for the accurate assay 
of Vitamin A, Vitamin 1) must be always pre^^ent in the basal diet. This can be 
ensured by the addition of irradiated cholesterol to the diet, or by feeding it se- 
parately as a daily supplement dissolved in liquid parafiFm (Drummond et al.), 
or perhaps more convcaiiently by using an irradiated hardened vegetable oil as 
one of the constituents of the diet (H. Chick and M. H. Roscoe, Biochem, Jour., 
1926, vol. 20, p. 032), Drummond excludes fats altogether from his latest stand- 
ard diet, rc|)lacing them with starch, but other observers continue to use a diet of 
the type mentioned above. If the animals are given a diet deficient only in Vita- 
min A, they continue growing for a longer period tlian when Vitamin 1) is also ab- 
sent ; but when growth ceases, a decline in weight rapidly sets in and the supple- 
ment containing Vitamin A must be quickly given, if death is to be prevented. 

So far we have considered the assay of Vitamin A by means of animal experi- 
ments. The difficulties and the time involved lend im])ortance to an alternative 
possible method, such as a colour test, wliich can be performed quickly and accu- 
rately in a test tube. Two such have been recently described as specific for Vit- 
amin A : the transient blue colour jmxluced by arsenious chloride (Rosenludm 
and Dnimmond) and the stalde re<l colour produced l>y pyrogallol in the pres- 
ence of a light petroleum solution of trichloracetic acid (W. R. Fearon, Biochern. 
Jour.y 1925, vol. 19, p, 888), The latter, which seemed likely at first to be of great 
use, was modified by S. G. Willimott and T. Moore {ibuL, 1926, vol. 20, p. 869) : 
resorcinol was used instead of pyrogallol, and a saturated solution of benzoyl per- 
ozide in toluene w^as added to hast<ui the reaction, the trichloracetic acid being 
also dissolved in this solvent. 

Preliminary experiments showtxi that the colour was produced by those .subs- 
tances, chiefly oils, in which the presence of Vitamin A is generally accepted, and 
not by others from which this vitamin is absent. However, a more extensive study 
by 0. Rosenheim and T. A. Webster {Lancet^ 1926, vol. 2, p. 806) has demonstrat- 
ed that the test is not specific for Vitamin A : thus, on saponification of an active 
oil, Vitamin A remains in the iinsaponifiable fraction, but the chromogen giving 
Fearon’s reliction passes into the soaps formed, being associated with the 
unsaturated fatty acids. Again only, fish liver oils give the reaction, where 
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as the liver oils of birds and mammals contain Vitamin A : body fat may react 
positively, but negatively to the arsenious chloride reagent. In a biological test, 
a sardine oil, giving Fearon’s reaction, was found to be devoid of the growth- 
promoting factor, whereas pig’s liver fat, although reacting negatively with 
Fearon’s reagent, yet gave as good growth as cod-liver oil- even when only half 
of the dose of the latter was used. In all cases Vitamin A and the colour reaction 
with arsenious chloride were found to occur together, in fact, the latter appeared 
to give a depth of colour roughly proportional to the amount of vitamin disclosed 
by a growth test. Hence it may be concluded that the colour given by Fearon’s 
reagent is due to some other constituent of the oil than Vitamin A. On the other 
hand, the arsenious chloride reaction appears to be specific, so far as our present 
knowledge goes. The drawbacks to the test are the transient nature of the blue 
colour produced, and the fact that the reagent cannot be used with a solvent- 

E. H. Carr and E. A. Price, and T. T. Cocking and E. A. Price have therefore 
examined a large number of other compounds with the view of selecting a more 
satisfactory reagent {Biochan, Joitr,, 1926, vol. 20, p. 497 ; Pharm, Jour, and 
Pharmacist, 1926, vol. 107, p. 175). At first the substitution of arsenious chlo- 
ride by a saturated solution of trichloracetic acid in chloroforni, as suggested by 
Rosenheim and Drummond, gave promise of satisfying the necessary require- 
ments, but it was found that the colour production depended on the presence of 
an impurity in the acid, probably phosgene. The authors finally selected a 30 
per cent, solution of antimony trichloride in B.P. chloroform as the most satis- 
factory reagent so far found : it can be used with a 20 per cent, solution of the oil 
under test in chloroform, enhancing the accuracy of measuring small quantities 
of oil. Moreover, the blue colour lasts sufficiently long for a match to be made 
against the standard glasses of a Lovihond tintometer, and is not interfered with by 
traces of water or alcohol in the reagents. The colour formed always contains 
traces of yellow and sometimes also of red. 

The real problem which now faces investigators is whether the colour test al- 
ways gives the same value as the growth test, when both are carried out on a large 
number of difierent oils. Some preliminary experiments carried out by S. W. F. 
Underhill {Biochem. Jour. 1926, vol. 20, p. 500) lend hope that this parallelism 
may be invariably found,' in which case the biological assay with its difficulties 
of animals and time, may be rendered unnecessary, being replaced by the much 
shorter and probably more accurate colour test. 

The titration of Vitamin D or the bone-calcifying antirachitic factor still re- 
quires the biological method. Moreover, rickets is not produced in rats on a diet 
deficient only in fat-soluble vitamins. Although the bones contain less calcium 
than normally, the picture is one of osteoporosis, so that such a diet 
is not suitable for this assay (H. Chick and M. H. Roscoe, v. mp.). But if tibe 
diet is deficient in phosphorus also, rickets occurs. Two su<ffi diets have been wide- 
ly used : one was described by Sherman and Pappepheimer, apd oonsists of |Wfc^ 



tun i'eohniqUb oe Vitamin assay 


133 


ent flour with the addition of a few salts ; the other we owe to McCollum, its chief 
ingredients being wheat, maize, gelatin, and wheat gluten with a few added salts. 
Rosenheim and Webster {Biochem. Jour., 1926, vol. 20, p. 537) , using the former, 
found that sometimes the control animals failed to develop rickets and traced this 
irregularity to a small quantity of fat present in the patent flour, which could be- 
come ' activated ’ if the flour was exposed to light. They therefore recommend 
an extraction of the flour with ether at room temperature for a short period, 
before it is used in the diet. 

The degree of calcification of the bones on these diets can be determined ra^lio- 
logically, histologically or by chemical analysis. Improvements in the pres- 
entation of results by the last method are described by Chick and Roscoe {Biochem, 
Jour,, 1926, vol. 20, p. 137, and with V. Kovenchevsky, ibid., p. 622). More clear- 
cut results are obtained if, in addition to the ash, the fat of the bones is also esti- 
mated. Omission of this precaution may suggest that a substance under test has 
improved the calcification slightly, whereas it has only reduced the fat content, 
possibly by improving the nutrition of the animals quite apart from its content 
in Vitamin D, if any is present at all. Normal bones contained about 2 per cent, 
of fat, rickety 4 per cent., and osteoporotic 10 per cent : the ash content respect- 
ively was found to be 34 per cent., 11 per cent., and 25 per cent, for comparable 
bones. The authors suggest that the ratio of the ash to the organic residue (that 
is, the difference between the weight of the bone and the sum of the weights of 
water, fat and mineral constituents) may give a useful index of the degree of cal- 
cification and of rickets. Normally, it is about 15, in osteoporosis 0*9-1 *2 and in 
rickets 0*4-0*8. 

The more accurate the nWhods of assay, the better is our knowledge of the 
value of different food or medicinal pnxlucts, and the greater is the hope of de- 
veloping methods for the isolation of the accessory food factors in a pure form. 



NOTES 


DEFECTIVE BEARING IN PLUM. 

The plum (Prunm communis liud., var. insitutia) is a member of tlie Kosacete 
family and is related to the group of plants to which almonds, peaches, apricots, 
loquats and cherry belong. In India it is grown in almost all gardens of any impor- 
tance and its fruit is eaten and liked by all classes. Most of the varieties, however, 
are hardly palatable except when cooked or preserved, and for this purpose, as 
Cameron ^ states, tliey are equal to the finest Europc'au kinds. 

The uncertain bearing and defective setting m some of the varieties of Rosacete 
family is well known. But in spite of the jiresence of well established gardens, 
like those of Lahore, Saharanpur, Lucknow, Calcutta, Bangalore, Nagpur, etc., 
little or no record about the causes of this defective beariiig in plums is found. 

At Pusa some fruit experiments - were laid down in 1905 by the then Imperial 
Economic Botanist and the following varieties of pluniB wer(* tried : — 

Botanical gardens, ^aharaHjmr, Uwarf Early Y(‘llow, Early Large Red, 
Early Round, Alucha Purple, Alucha Red, Aliuha Yellow, Alucha 
Black, Alubulvhara, Alubukhara Small, Kabul Green. 

Cultivators^ garden, Calcutta. Alucha Large, Alubukhara, Large Red, 
Large yellow. 

JmI Bagh, Bangalore. Bangalore variety. 

After 5 years’ study the results were summarised as follows**;- - A fairly large 
collection of peaches and plums was made at Pusa during 1905 and I90C and seve- 
ral crops have beeen obtained. Of these varieties only the early ones are of any 
use for Bihar. Heavy crops have been borne by the early kinds, but the late sorts 
without exception have set no fruits. A profusion of flowers is obtained but no 
setting takes place. This appears to be due to the high temperature and low humi- 
dity which prevail (on account of the dry west winds) at the time these late varie- 
ties come into flower. Copious irrigation just before flowering has no effect, no 
setting being obtained, however the soil moisture is regulated. Oi the varieties 
of plums and peaches which set fruit, the most satisfactory are the earliest of all 
these which ripen in May. The somewhat later varieties are not so satisfactory 

^ Eermmger‘$ Manual of Gardening by Cameron, 10th Edn., 1890, p. 246. 

- First Report on the Fruit Experiments at Pusa, by A. Howard. A art, Rm. JnM.. Pusa Bull 
4, 1907, p. 30. • * 

“ Second Report on the Fruit Experiments at Pusa, by A, Howard, Agri. Me$. Inst Pum 
10 of 1910, p. 19. 

( 134 ) 
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on account of the rise in humidity which often takes place during the early 
part of June when the moist east winds, wliicb precede the monsoon, set in. 
Under such circumstances ripening peaches and plums rapidly deteriorate and fruit 
in this condition will not travel long distances.” 

After forming the above opinion, the experiment was rliscon tinned and all the 
varieties w^ere discarded except the following : — 

(1) Black Small — An early plant which was very prolific having small and 

black fruits of inferior quality, ripening in early May. 

(2) Large Red -A late plant, moderate in bearing, wdtb large red fruits 

of good quality ripening in the last week of Jlay. 

One })lant of eacli of the above varieties was selected as progenator and three 
years elapsed in propagating suiHcient number of })lants from those individuals 
to start a new experiment. In 1914 these plants w ere used in filling up a line of 24 
]>lants for an ex{>erinient which w^as started by the tlnui Imperial Economic 
Botanist to investigate the in fl nonce of grass on fruit trees. 

In this work two main problems were ke|)t in view% namely, (1) w'hy trrass is 
so injurious to fruit trees, and (2) the nature of the weapons by which forest trees 
van([uish grass. The residts of thest^ exjKU-iinents were pnifiished in the Pmn’alings 
of the Hoijal Socldy, B. Vol. 97, Ko. B. ()8d and were also rt'printed in the Agricul- 
tural Jourmtl of India, \o]. XX, 1925, pages 285- 2)17, umhu' the title of “ The Effect 
of (JrasH on Trees” by Albert ilow’ard, (M.M., M.A. 

The above experiment, of co\irse, was not devised to investigate the causes of 
defective setting in plums ; no one could fail to notic(^ however, that every plant 
of the early variety (Black Small) bore nicely, while all tin? plants of tlu' late variety 
(Large Yellow) W'cre almost barren. The parent of these late plants which was 
surrounded l;)y other vuirieties of piums, though shy in bearing, wus giving some 
fruit at h^ast every year, but grafts taken frop) it totally refused to set, save that 
in some years two or three fruits could be seen on soim? plants. 

In 1921 when the writer was carn'ing out details of the above mentioned grass 
experiments under the direction of the Howards, he observed that sterility in the 
late variety was due to — 

(1) The defective stamens which do not form pollen at all. 

(2) The late flowering which prevents pollination from the early variety, 
the flowering j>eriod of wdiich has ceased before the late variety comes 
into flower. 

It was evident that if a variety with good pollen of the same flowering season 
(H)uld be grown near the large red, it should set fruits. The investigation of this 
idea, however, wras not put into action till 1925 when an experiinont was started. 
The writer w^as sent to Saharanpur and Delhi to select suitable varieties of plums. 
The newly imported plants were transplanted in a separate nursery on the 25th 
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November, 1926, so that the study of their pollination could be thoroughly made 
and the most suitable plants selected for interplantation as pollinators between 
the old plants. The new plants produced some flowers for the first time in March 
1927. At Pusa there are only four plants of large red and one plant of Black Small 
varieties, a remnant of Mr. Howard’s grass experiment. It is interesting to note 
that though the actual experiment has not yet been started, these four old plants 
of the large red variety have simultaneously set some fruits this year. It is evident 
that the pollen of the new varieties was carried by bees and other pollinating insects 
to the flowers of the old plants which are about 200 feet apart from the nursery 
and has brought about this setting. Though the average number of fruits set per 
plant is not more than 60, still it is very encouraging, considering that the new 
plants were very small and could produce a limited number of flowers only. 

It is hoped that, when the actual experiment is started and the new varieties 
ifianted near the old trees, normal setting will take place. 

On studying the literature on the subject, it was found that a lot of work has 
already been done in America ^ ^ about plum pollination. In Cabfornia plum 
varieties have been classified into self-fertile and self-sterile groups, and it has been 
established that cross-pollination in plum is necessary owing to the defectiveness 
of flower parts and the steriLty of certain varieties towards their own pollen. 
Varieties which are eliective pollinizcrs and suitable for interplantation have been 
isolated. It has been proved that to secure good setting suitable varieties should 
be closely interplanted or scions of suitable varieties should be set into the tops 
of the trees which do not bear satisfactory crop of fruits. Comparatively, very 
little work has been done in India on the pollinatoin of the Rosacea) family and 
there is a vast field for investigation for those who are interested in the subject. 

[ Abdur Rahman Khan.] 


NOTE ON THE LOSS OF WEIGHT OF ONIONS ON STORAGE AT PUSA* 

The onion crop on certain experimental plots was harvested at the beginning 
of June 1927. It was considered that useful information might be obtained by 
keeping a portion of the crop till the following cold weather and ascertaining the 
loss due to rotting, dryage, etc. 

Seven maunds of onions were stored on racks, in single layers, and 47^ seers 
were kept in six small baskets, in a godown. The onions were examined at inter- 
vals of about ten days, and the rotten ones removed and weighed. 

Most of the onions were sprouting when the final weight was taken, in the middle 
of November. 


^ 'J"he Pollination of PJuni». Ver mount Affrl. Krpt. Stn,, Bull, 53, 1896. 

Plum INillinatioii. Bull, 310, 1919, Herkdty, Calijornia. 

3 Purtimr Kxpoiimc*nts in Plum Pollination. Bull, 362, Berkeley, Calif orma. 
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The onions on the racks had dwindled to 2 maunds 37 seers, showing a loss of 
58 per cent., and those in the baskets to 25| seers, a loss of 46 per cent. 

The w^eights of rotten onions removed were 5*6 per cent, of the initial weight 
stored on the racks, and 13*1 per cent, of that stored in the baskets. [J. H. Walton.] 

THE NITROGEN INDUSTRY.* 

The original German edition of this work f was published in 1923. It contained 
practically all the information which could be obtained from the literature up to 
March, 1921. It has been the author's intention to make it a standard w^ork by 
including a large number of economic data and a detailed survey of the literature. 
Vol. 1 contains a short general introduction and then a historical account of the 
nitrogen industry in each country of the world. Vol. 2 gives a technical description 
of the processes used in the nitrogen industry. The author has also included allied 
processes which may be important from their economic effect on the main industry. 
There are very complete indexes, bibliography, and list of patents. 

In order to bring the first German edition up-to-date for translation, there is 
at the end of each chapter a supplement containing new matter covering the years 
1921-1924, and a foreword of seventeen pages has been written by Dr. J. P. Crowley. 
The supplements consist, for the most part-, of bald references to the literature and 
make an unsatisfactory ending to each chapter, but Dr. Crowley’s foreword success- 
fully summarises the position of the industry. 

The importance of nitrogen in commerce arose during the Middle Ages from the 
use of saltpetre in making gunpowder. The nitrogen problem w’^as as acute in 
France during the Napoleonic wars as in Germany during the late War. Prevented 
by the blockade from importing adequate supplies of nitre, France had resource to 
nitrate plantations (saltpetrieres), which were administered by a State de})artment. 
In these plantations heaps of animal and vegetable refuse vs ere allowed t o rot for 
months until covered with a layer of saltpetre. But after the Napoleonic wars, 
when, swords were turned to ploughshares, inorganic nitrogen W’as not turned to 
agiiculture. It was not until about 1 840 that Liebig showed that inorganic nitrogen 
compounds were important soil fertilizers. From that time the use of inorganic 
nitrogen in agriculture has grown steadily. At first Chile nitrate was the solo source 
of supply ; then came, in addition, ammonium sulphate obtained from coal ; and 
within the last twenty-five years synthetic nitrogen compounds — nitrate of Ume, 
cyanamide, and ammonia. The development of the synthetic nitrogen industry 
took place first where electrical power could be obtained cheaply — principally in 
Norway, because the arc processes absorbed much electrical energy. 

* Beprinted from Nature, No, 8017, 

t The Atmoapherio Nitrogen Jnduetty : with special conaidoration of the pnxiuction of Ammonia 
and Nitrio Acid, by Dr. Bruno Walsor. Tranalat>od by Dr. Krn<^t Fylcman, Vol. I, pp. XXVI, 330 ; 
VuL 11, pp, 331-746. (Dondon ; F. A A. Churchill.) Prioi>, 42«. net. 
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Some years before the War, Germany had become anxious to produce synthetic 
nitrogen fertilizers for her soil. A continental nation with no food-producing colo- 
nies, that country was attempting to produce all the food it required. Tariffs were 
put on imported food, but Germany had to import large quantities of nitrogen, 
and in 1913 it absorbed 27 per cent, of the total nitrate exported from Chile, as well 
as nitrate of lime from Norway and sulphate of ammonia from its own coal industries. 
During this year (1913), 32 per cent, of the world’s production of inorganic nitrogen 
was used by German agriculturists. How different were the conditions in Great 
Britain with free trade, large investments abroad, food-producing colonies, and a 
large navy. 

When the War broke out, Germany, expecting a short war, appears to have 
attached no importance to the supply of nitrogen for explosives. Later, when the 
blockade became serious, Germany looked first to her cyanamide factories for 
nitrogen, and only later did the German Government realize the possibilities of the 
Haber Bosch process of ammonia synthcvsis which had just been established in 1913. 
Two large factories were erected to provide the war requirements. Since the War 
the German synthetic ammonia factories have been utilized for the production of 
fertilisers, and works using somewhat similar processes are now active in other 
countries—England, America, Italy, Fraui^e, and Belgium. Some of these (England 
and America) are well established and are already a commercial success. Others 
are still passing through tribulations and troubles. 

The tendency of modern industry is to build large factories, because greater 
efficiency is obtained with large machines than with small ones, and the cost of 
labour for a given output usually decreases as the size of the unit plant increases. 
But more important still is the advantage of better scientific and technical control 
of processes which can be obtained in a large factory. Dr. Crowley in his introduc- 
tion seems to attach great importance to a claim of simplicity of one process (Casale), 
though it is difficult to find the basis of the claim. He states : On a visit to an 
important synthetic ammonia plant paid some twelve months ago, the writer found 
that the whole plant was being operated under the direct supervision of the engineer 
responsible for the running of the power station, and that no chemists were 
employed.” It does not seem probable that this plant will long survive in competi- 
tion with plants controlled by the best technically trained men of to-day. 


PROTECTION OF COCONUT PALMS IN FRENCH INDU. 

By an order dated the 1st August, 1927, the Minister of the French oolonitB 
has prohibited in the French Settlements in India the importation by sea, ss^e, 
warehousing and transit of coconut plants, coconuts, coconut leaves and all materials 
containing parasites which attack this palm. 
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THE EFFECT OF TEMPERATURE AND HUMIDITY ON COTTON 

SPINNING. 

The following is the summary of the Indian Central Cotton Committee Bulletin 
No. 9 (Technological Series No. 4) on the subject : — 

Tests arc described to determine what differences are experienced when cotton- 
spinning is carried out under different conditions of temperature and humidity. 
The results obtained by Sir Benjamin Dobson (1894) are discussed in some detail 
and reasons advanced for showing that they are not entirely satisfactory. The 
climatic conditions which prevail in Bombay are considered at length, tables being 
given to show the mean temperature and mean relative humidity normally experi- 
enced for each hour of the day for every day of the year ; a table is also given showing 
the frequency of occurrence of days of specified minimum humidity during the cold 
weather pi^riod in Bombay. 

Spinning tests have been carried out on seven different cottons, each of which 
has been spun in duplicate into three counts of yarn under three different sets of 
physical conditions of temperature and humidity. The spinning conditions are 
described as : 

(1) Medium-Dry, f.e., conditions obtained when the outside relative humidity 

is at its lowest ; 

(2) Normal, i,e., conditions such that the temperature is about (but not 

below) 80 ’ F. and the relative humidity is about 05 per cent, (but 
never below 00 per cent.) ; and 

(3) Monsoon, e.c., conditions in which the temi^erature is 90'^ F. and the 

relative humidity is about 70 per cent. 

Observations were made as to the several conditions for (1) comfort in working ; 
(2) workability of the material ; (3) appearance of the yarn ; (4) strength of the yarn. 
Each of the two lots of each cotton was spim into three counts of yarn under each 
set of conditions ; and each of the yarns thus obtained was subjected to 50 lea tests, 
1(K) tests for single thread strength and extension, and 80 twist tests. The con- 
clusions drawn from these tests are : 

(1) for comfort, the normal conditions are more satisfactory than either of 

the extreme conditions ; 

(2) for w^orkability of the material, the medium-dry conditions are not quite 

satisfactory in the card room, whereas the normal and monsoon condi- 
tions are satisfactory throughout ; 

(3) the yarn spun under medium-dry conditions is the least satisfactory in 

appearance, and that spim under the monsoon conditions the most 
satisfactory, but these differences practically disappear when the yarn 
is conditioned ; 

(4) within the limits of temperature and humidity within which these tests 

have been carried out, it is impossible to lay down any hard and fast 

G 2 
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rule as to the conditions (medium-dry, normal, or monsoon) which 
give rise to the strongest yams, the differences for the most part being 
inappreciable ; 

(5) in general, it may be taken that the processing of the material in cotton- 

spinning and the quality of the spun yarn are not seriously affected 
by the spinning processes being carried out at relative humidities as 
low as 40 per cent. ; but that, taking all things together, the normal 
conditions are probably best for carrying out cotton-spinning tests ; 

(6) Bombay conditions are practically ideal for the processing of the material 

in cotton-spinning. 


THE EFFECT OF SUBJECTING COTTON TO REPEATED BLOW-ROOM 

TREATMENT. 

The following is the summary of the Indian Central Cotton Committee Bulletin 
10 (Technological Series No. 5) on the subject : — 

A description is given of tests carried out to determine the effect of rejieated 
treatment in the Crighton opener, or in the scutcher, of baled cottons containing a 
large percentage of foreign matter. Duplicate lots of three different cottons, viz,, 
289F, 285F, Hagari 25, were respectively given 2, 3, and 4 treatments in the Crighton 
opener. One of the cottons was also given the normal treatment in the Crighton 
opener, but successive samples were passed through the scutcher 3, 4, and 5 times 
respectively. Each lot of each cotton subjected to each treatment has been spun 
into three different counts of yarn. Observations were made as to the behaviour 
of the cotton during working, and a record was kept of the number of breakages 
sustained on the ring frame during the spinning of each yarn. Spinning tot results 
are given showing the waste percentages and the various yarn-test results, each yarn 
being subjected to 50 lea tests, 100 tots of single thread strength and extension, and 
80 twist tots ; each yarn was also classified according to its evenness and neppiness. 

The results of the tests show that three or four treatments in the Crighton opener, 
as compared with the normal two treatments, yield an increase of only about three- 
quarters per cent, in the total waste for each additional treatment ; otherwise, the 
extra treatment makes practically no difference either to the behaviour in spinning, 
to the appearance of the yarn — including its evenness and neppiness — or to the 
strength of the yarn. The effect of additional scutching was very similar to that of 
additional Crighton-opening. 

It is pointed out that the results relate to small scale tots and that when cotton is 
being passed through iu bulk somewhat different results might be experienced i 
in particular, if there should be a lack of uniformity in the flow of the cotton, such 
as to cause an intermittent accumulation in the Crighton opener, damage to the 
cotton staple might ensue. Reference is also made to the possible effects of different 
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beater speeds, settings, and formation of the grids of the opener. The chief con- 
clusions drawn are : (1) that so long as the cotton passes uniformly through the 
blow-room, repeated opening or scutching effects a slight improvement in cleaning 
without detriment to the strength of the yarn ; and (2) that once cotton containing 
foreign matter is pressed into bale form, it may be very difficult, if not impossible, 
to remove the foreign matter completely — especially if it consists of fragments of 
seed-coat —so that the appearance and value of the yarn suffer accordingly. 


TECHNOLOaCAL REPORTS ON STANDARD INDIAN COTTONS, 1927. 

Th>: following is the Summary of the Indian Central Cotton Committee Bulletin 
11 (Technological Series No. G) on the subject : — 

Reports are given on eighteen standard Indian cottons and three American 
cottons tested for comparative purposes. Each report is divided into the following 
five sections : — 

I. Agricultural Details. II. Grader’s Report. III. Fibre Particulars. IV. 
Spinning Tests. V. Remarks. The agricultural details provide some idea of the 
relation of the standard cotton to the commercial crop of the district, the history 
of its introduction, the soil and climatic conditions in which it is grown, and the 
magnitude of the crop of the new cotton. The Grader’s report shows his estimate of 
various characters of commercial importance. The fibre particulars include the 
fibre-length, the fibre-length distribution (also shown graphically), the fibre-strength, 
the fibre-rigidity, the fibre-w^eight, the fibre-width, and the number of natural twists 
in the fibre. The spinning tests ’’ section comprises a description of the treatment 
given in the spinning machinery, the Spinning Mast/cr’s report on the cotton, a yarn 
examination report for evenness and neppiness, together with a table of spinning 
test results, including the aste percentages, the ring frame particulars, the results 
of lea and single thread ( ' ts, and figures showing the physical conditions of tempera- 
ture and humidity prevailing during the spinning and testing respectively. The 
“ remarks ” section briefly summarizes the main conclusions which may be drawn 
from the results of the fibre-tests, the amount of w^aste made, the number of yarn 
breakages in the ring frame, and the results of the various tests and examinations 
to which the yarns are subjecteil, — particularly with reference to the question of 
seasonal variation. 

The reports are prefaced by a note which describes the objects of the tests as 
being, generally, to accumulate data for the investigation of the methods of deter- 
mining the inlrinsic value of a cotton, and specifically : (i) to prepare a series of 
standards by which to judge other cottons, particularly new cottons produced by 
cotton breeders ; (ii) to determine the extent to whi(’h these vstandard cottons are 
affected by seasonal variations ; (iii) to determine the minimum weight on which a 
spinning test be ocuried out sfi^tisfactorily ; and (iv) to assist in the marketing of 
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these cottons by providing the cotton trade with detailed information concerning 
them. 

It is pointed out that for spinning purposes the intrinsic value of a cotton com- 
prises three factors — ^the quality of yarn which can be made from the cotton, the 
behaviour of the cotton during spinning, and the amount of waste to which the 
cotton gives rise. 

The remainder of the prefatory note is chiefly devoted to a fairly detailed 
discussion of the following : — 

(1) The reasons why it is important to know what is the minimum weight of 
cotton necessary for a spinning test : — 

The chief reason is that cotton breeders are thereby enabled to have spinning 
tests on their new strains made at the earliest possible stage. 

(2) The validity of adopting a special routine for spinning tests on small samples : 

It is explained that the special routine at the Technological Laboratory has 

been adopted so as to give such a treatment in the spinning test on a 
small sample that the results will provide a valuable guide to what may 
be expected when the cotton is spun under practical conditions. From 
a detailed consideration of the spinning processes it is concluded that 
on the whole the results obtained should approximate to those obtained 
under the best mill conditions. 

(3) The special routine adopted at the Technological Laboratory for spinning 
tests on small samples : 

This routine is described in great detail : full particulars are given of the 
machinery, and of the speeds and draft employed therein, together with 
the actual modus operaudi in a spinning test. Two methods of indicating 
spinning value are discussed ; that adopted consists in spinning the sample 
in duplicate lots, each of which is spun so as to provide three types of 
yam ; a conclusion is then drawn as to the highest count of warp yam 
of moderate twist for which the given sample is suitable, based on the 
performance of the cotton during the various spinning processes, the 
numbers of yarn breakages in the ring frame, and the yam test results. 
Standards are laid down both for twist and strength and the basis and 
operation of these standards explained. 

(4) The various examinations and tests to which the raw cottons and the spun 
yarns are subjected : 

The extent of these tests will be clear from the nature of the individual reports 
referred to above. Various details of the fibre and yarn tests bX 0 
described and particulars given of novel methods of twist testing and 
single thread testing. The method of sampling in yam-testing i^ 
described, and the comparative merits of the lea and single thread 
are discussed. 
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(6) The various general results which have been obtained in the course of the 
tests : 

This general discussion is confined to four points as under : 

(i) The chardcteristics of the various standard Indian cottons. The cottons a e, 
divided into four classes : 

Class I, suitable for 3()’s and over : 

Bombay, — Dharwar 1, Gadag 1, Surat 1027 A. L. F. 

Punjab, — Pun jab- Americans 285F and 289F. 

United Provinces, — Cawnpore- American 0. A. 9. 

Madras, — Coimbatore Co. 1 (Cambodia 295), Nandyal 14. 

Class II, suitable for counts between 20’s and SO’s : 

Punjab, — Punjab- American 4F. 

Madras, — Hagari 25, Karunganni C. 

Hyderabad, — Umri Bani. 

Class III, suitable for counts between lO’s and 20 s : 

Bombay, — Wagad 4, Wagad 8. 

United Provinces, — Cawnpore K. 22, Bundelkhand J. N. 1. 

Class IV, suitable for counts below lO’s : 

Punjab, — Mollisoni. 

United Provinces,-- Aligarh A. 19. 

Attention is drawn to the fact that the hand-stapling method of the Grades 
ap|>ear8 to exaggerate the differences between the staple lengths of fine and coarse 
cottons, and reasons are advanced to explain the discrepancies between his estimates 
and the Sorter determinations. 

(ii) The seasoned variation of the standard Indian cotUms, Tables are given 
showing the seasonal variation in mean fibre-length and in highest suitable counts 
over four seasons; three cottons (285F, Co. 1, and Hagari 25) show a maximimi 
seasonal variation between 15 and 25 per cent, in fibre-length, and four cottons 
(Gadag 1, 289F, Mollisoni, and Co. 1) show a maximum seasonal variation of more 
than 20 per cent, in highest suitable counts. There is no evidence to show that 
any of the cottons has undergone any deterioration of type. 

(in) The relation betmen fibre characters and spinning value. The relation is 
discussed for each fibre-projierty in turn, and it is shown that when the cottons are 
arranged in the order of highest suitable counts, there is discernible for all properties 
except fibre-strength a fairly well-marked general trend more or less parallel to that 
of the counts : no such general trend is discernible for the ratio of fibre-strength to 
fibre*weight per ifichi or for ratio of fibre-ripdity to the square of the fibre-weight 
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per inch. There are so many individual exceptions to each general trend that it is 
concluded that no single fibre-property can serve as a universal criterion to indicate 
the highest suitable counts into which a cotton can be spun. 

(iv) The minimum weight of cotton ne-eded for a trustworthy spinning test. The 
review of the several individual results shows that no material difierence is obtained, 
except in card room loss and in neppiness, whatever be the weight of the sample, 
even if it be as low as 2 lb. The differences in card room loss are traced to the 
quantity of cotton needed to load the card-wire, and this is found to amount to 
0-1 lb. ; the decreased neppiness of 2-lb. samples is due to the greater efficiency of 
the card in removing neps just after it has been cleaned. The conclusion is drawn 
that the procedure which has been adopted for testing small samples submitted by 
cotton breeders, viz,, making spinning tests in duplicate on lots weighing only 5 lb. 
each, is completely justified within the range of counts possible with Indian cottons, 
i,e,, up to 40's. 


COTTON NOTES. 

TunouoTi the courtesy of the British Cotton Industry Research Association, 
the Secretary, Indian Central Cotton Committee, has sent the following abstracts 
for publication . — 

Egyptian Cotton Plant — Growth, Bud-shedding, and Flower Production. 

Analyses of elongation and flowering curves obtained over the period 1920-24 
indicate that daily fluctuations in rate of elongation can have little connection with 
fluctuations in subsequent rate of flowering Shedding experiments covering the 
same period show that the flowering curve fluctuations are determined by bud- 
shedding. Minimum temperatures in some cases show a marked correlation with 
elongation, though this is not invariable. High temperatures may have a tempo- 
rarily depressing effect on rate of elongation. Abnormally high temperatures 
may possibly depress the rate of flowering after an int^Tval of 30 days or more. Irri- 
gation is generally followed by an increase in rate of elongation. Screen evapora- 
tion is closely connected with maximum screen temperatures, but neither of these 
recorded factors has been correlated with elongation. The height of the Nile as 
recorded at Rodah gauge is not connected with the rate of flowering. Daily fluc- 
tuations in flowering depend, though indirectly, on local climatic conditions. There 
is greater resemblance in behaviour between plants in the same field than between 
plants in fields more widely separated. There was no resemblance between minor 
fluctuations in localities widely apart, though certain wide-spread climatic condi- 
tions may affect the general shape of the flowering curve similarly in different local- 
ities I Min, Agri, Egypt, Techn, and- Set. Ser, Bull, 65, 1927, 40 pp., 31 platea, 
M. A. Bailey and T. Trought.J 
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Development op Pima and Ac ala Cotton Plants. 

A study of Pima Egyptian cotton in comparison with Acala is described. The 
data given refer principally to the development of the fruiting parts of the plants 
in relation to their positions on the fruiting branches. The developmental periods 
and the abscission of the buds, flowers, and bolls have been found to differ with 
different positions on the fruiting branches. Differences between the two varieties 
of cotton, as shown by the data, indicate the possibility of determining many points 
relating to cultural practices and to the comparative value of varieties under these 
practices, [f/. S. Dept, Agn. Bull. 1365, 27 pp. H. F. Loomis.] 

Heritable Variations in Pima Coti’on. 

Evidence is presented of the occurrence of heritable variations in Pima cotton 
which is probably the most uniform variety of cotton grown on an extensive scale. 
Comparison of a progeny grown from seed of the parent individual of the variety 
with the present commercial stock proves that there has been significant improve- 
ment in the length and abundance of the fibre, as well as in the uniformity of these 
characters. Indications of the occurrence of heritable variations have been obtain- 
ed in roguing fields of the Pima variety. The records of the breeding work with 
Pima cotton supply additional evidence of the occurrence of slight, heritable varia- 
tions, none of which could 1 h', considered as outside the normal range of variation 
of this variety. They indicate, however, that something may be accomplished 
by selection in regard te> characte^rs of practical importance. A much more striking 
variation, characterised by the complete or nearly complete absence of the dark 
red spot near the base of the jH^tal, associated with an increased jK'rcentage of 4-lock 
bolls, was found to be heritable in a high degree. The nature of this variation and 
tlie circumstances of its occurrence suggest the possibility that Upland cotton or 
Hindi cotton may have been involved in the remote ancestry of the Pima variety. 
The fact that heritable variations are found in this apparently uniform variety is 
thought to justify the continuance of selection and line breeding and the roguing of 
seed increase fields. [ «/our. Agri, Bcs. 1921, 21, 227-241. T, H, Kearney.] 

• Growth Studies of Cotton Plant. 

Records of flowering dates, development of fruiting branches, squares and bolls, 
and maturation periods of bolls are given for Kasch, Mebanc Latest Improved, 
Rowden, Truitt, Lone Ster, Acala, and Kekchi cottons, grown at Greenville, Texas, 
in 1923-26. f V. S. Dept. Agri, Circ. 401 of 1927 ; pp. 17, H. C. McNamara, 
J. W. Hubbard and R. E. Beckett.] 

Growth of Garo Hill Cotton. 

The growth rates and sequence in development of the fruiting parts of Garo 
Hill or wool cotton {Oo$^ypium cemum) were determined at Greenville, Texas, 
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by the methods which were used on the Egyptian and Upland types of cotton (A. 
1925, 16 ; E. 1925, 103 ; and E. 1927, 45). Garo Hill cotton is a native of India, but 
has bolls nearly as large as those of the Texas big-boll cottons. The interval be- 
tween the appearance of successive fruiting branches on the main sta k is some- 
what shorter in the Garo Hill cotton than in the other types, whilst the interval 
between successive squares on the branches is somewhat longer. The shedding of 
abortive bolls occurred within 3 to 5 days after flowering, whilst many abortive 
bolls of Lone Star were held from 6 to 8, and some from 9-11 days. The rate of 
growth of the buds and bolls was nearly the same as in the other types. The boll 
maturation period was somewhat longer than that of Lone Star, though the 
difference was slight and may not be significant. In the latter part of the season a 
lengthening of the maturation period of Garo Hill bolls was found, which also is in 
agreement with the behaviour of the Lone Star and Pima varieties. Garo Hill bolls 
which were set early in August had a period 10 to 12 days shorter than bolls set 
in September. [ Jotir, Agri. Res,, 1927, 35, 97-106. R. E. Beokett.] 



Personal Notes, Appointments and Transfers, Meetings and 

Conferences, etc. 


Thk New Year’s Honours List contains the following names which will be of 
interest to the Agricultural Department : — 

Rao Bahadur, Mr. D. Ananda Rao, Deputy Director of 

Agriculture, Madras. 

Rao Sahib T. S. Vknkatraman, Sugar- 
cane Expert, Imperial Cane-Breeding 
Station, Coimbatore. 


Khan Sahib. Mr. N. K. Vacua. Deputy Superintendent, 

Civil Veterinary Department, Baluchis- 
tan. 


Rat Sahtb, Mr. D. K. Mukkrjee, Civil Veterinary 

Officer, Baghdad, Iraq. 

Rao Sahib. Dr. N. Kunjan Pillai, Director of Agri- 

culture and Fisheries, Travancore. 

Mr. G K. Kklkar, Extra Assistant Director 
of Agriculture, Central Provinces. 


Ahmudan-gamg—Taeeik-ya U. Pb, Deputy Superintendent, Civil Veteri- 
Min, nary Department, Burma. 

( 147 ) 
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Mr. M. I. Rahim, I.C.S., has been confirmed in his appointment as Under 
Secretary to the Government of India in the Department of Education, Health 
and Lands. 


Mr. E. a. R. Eustace, I.C.S., has been appointed temporarily as Additional 
Under Secretary to the Government of India in the Department of Education, Health 
and Lands. 


Mr. F. J. Warth, M.Sc., Physiological Chemist, Imperial Institute of Animal 
Husbandry and Dairying, Bangalore, has been granted leave for eight months from 
15th March, 1928. Mr. A. V. Iyer will be in charge of the Section during Mr. 
Warth’s absence. 


Mr. M. Carukry, M.A., B.Sc., D.S.O., M.C., resumed charge of his duties as 
Agi-icultural Chemist to the Government of Bengal on the afternoon of the (5th 
December, 1927, on the expiry of his leave. 


Rai Sahib Dibakar De, G.B.V.C., F.R.H.S., resumed charge of his duties as 
Assistant Principal, Bengal Veterinary College, on the afternoon of the 2nd Novem- 
ber, 1927, on the expiry of his leave. 

m 


Mr. D. R. Sethi, M.A., B.Sc., Deputy Director of Agriculture, Bihar and Orissa, 
has been transferred from the Orissa Circle to the South-West Bihar Circle with 
headquarters at Gaya. 


Mr. Muhammad Ismail Malik, B.Sc., M.R.C.V.S., has been appointed tempo- 
rarily as a special ofiicer in the Civil and Veterinary Department, Bihar and Orissa, 
for one year more, and is attached to the office of the Director of the Civil Veterinary 
Department at Patna. 

M 


On return from leave Mr. D. Milne, B.Sc. (Agri.), C.I.E., resumed charge of 
his duties as Director of Agriculture, Punjab, with effect from the afternoon trf 
the 28th December, 1927, 
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On reversion from his officiating appointment as Director of Agriculture, Punjab, 
vice Mr. D. Milne, Mr. H. R. Stewart has been appointed Assistant Director of 
Agriculture, Punjab. 

m 


Mn. Satya Dev Loomba, B.Sc. (Agri.), has been appointed Second Fruit 
Specialist to the Government of the Punjab on probation for two years. 


Mr. Bajra Sain Sawhney, B.A., has been appointed Botanist for Millets to the 
Government of the Punjab on probation for two years. 


Mr. Ram Battan Gulati, M.R.C.V.S., has been appointed officer-under- 
training in the Civil Veterinary Department, Punjab, on probation for two years. 


Mr. W. M. Clark, B.Sc., Professor of Agriculture, Agricultural CoUcgc, 

Mandalay, has been granted by the High Couimissioner for India an extension of 
leave for six months. 


Captain W. H. Priston, F.K.C.V.S., Civil Veterinary Department, Agra 
Circle, United Provimxjs, lias been gnintcd leave for ten months from 1st Decem- 
ber, 1927. 


The Woodhouse Memorial Prize for 1927 has been awarded to Mr. Badri 
Narayan Sinha, M.Sc., Research Scholar, Lucknow University, for a thesis on 
“ The Origin and Evolution of Archegonium. 



REVIEW 


Animal Nutrition and Veterinary Dietetice* — By R. G. Likton, M.R.C.V.S., 
Professor of Hygiene at the Royal (Dick) Veterinary College. Pp. 399. 
(Edinburgh : W. Green & Son.) 

Those of us who are interested in the feeding of live stock have noticed the great 
advance that has been made in Britain in what may be called the scientific method 
of rationing. Within the last few years we have seen the old wasteful (and 
sometimes Armful) “ rule of thumb method being supplanted by reasoned and 
logical feeding. The writer was surprised when at Home in 1926 to find how many 
stock-owners had begun to adopt the new method and also how many of them were 
anxious for advice regarding food values more especially in their relationship to 
milk production. To these seekers after knowledge Professor Linton’s book will 
be a boon. The language in which it is writt-en is so couched that whereas the 
Veterinary Surgeon and the agriculturist can be convinced as to the scientific basis 
on which the findings are created, the stock-owner can also glean valuable truths 
to guide him in the nutrition of his animals. 

To the ‘‘ feeding of animals ” the author has devoted 141 pages and each of these 
merits close attention and careful and repeated reading ; Professor Linton has 
steered a sane course between the two schools of no roots ’’ and “ roots in plenty ’’ 
led by Boutflour on the one hand and Bond on the other. This discreet steering 
adds value to the book in that it shows that as we peruse this work we are in the 
hands of a navigator who will not allow himself to be deceived by possible mirages 
but will bring our ideas into the harbour of logical sequence by his daily observa- 
tions. 

To suggest improvements in this excellent work is difficult but one may be ven- 
turous enough to mention two points. In a second edition the description of the 
proteins (pages 14-21) might possibly be simplified and again on page 216 the 
author does not explain fully Rubners law or rather his explanation of it is hard 
to follow. 

This book should be in the hands of every veterinary surgeon, agricultiirist, 
student of agriculture or veterinary science and especially should it be read and 
reread and then read again by every one who desires to see that the best value is 
attained for his stock from the food he can supply to them. 

The work of the publishers and printers is well done and the book is indexed in 
a complete manner. [R. F. S.] 
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NEW BOOKS. 


On Agriculture and Allied Subjects. 

Indian Agriculture, by Albert Howard, C.I.E., M.A., and Gabrielle L. C. Howard, 
M.A. (India of To-day Series, Vol. VIII), with 6 illustrations. Oxford Univer- 
sity Press. Price, Rs. 2-8. 

Economics of Agricultural Progress (with reference to conditions in the Ueccau), 
by B. G. Sapre, M.A. (Printed at the Tutorial Press, 211-A, Girgaum Bivck 
Road, Bombay, and Published by B. G. Sapre, Willingdon College, Sangli.) 
Price, Rs. 2-8. 

The Ant (with 42 illustrations), by Edward Step, F.L.S. (London : Hutchinson & 
Co., Paterno.stcr Road.) Price, 7/bnett. 

Modern Bee-keeping, by Herbert Mace, F.E.S. (Printed by Wyman & Sons, Ltd., 
London, Reading and Fakenham.) Price, f) nett. 

Development of Irrigation in the Punjab, by Sohan Lai, B.A., B.T., F.R.G.S., 
Ijccturer in Googiaphy, {'entral Training College, Lahore. .^Vrorbans Press, 
Anarkali, Lahore. 

Th<i Princi|)les and Practical Considerations involved in Tea Manuring, by Dr. W. S. 
Shaw, Ph.D., M.Sc., A.I.C., Tea Scieiitilic Ollicer, U. 1*. A. S. I. 

The following jjublications have been issued by the Imjierial Department of -Agri- 
culture in India since our last issue : ~ 

M('.moirs. 

Studies in Khandesh (?otton, Part I, i)y S. H. Prayag, M.Ag. (Botanical Scries, 
Vol. XV, No. 1.) Price, Re. 1-4 or 2.'(. M. 


BuUelin. 

The Mechanical Analysis of Tropical Soils, by J. Charlton, M.Sc., F.l.C. (Pusa 
Bulletin No. 172.) Price, As. 3 or 
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C. W. WILSON. M.R.C.V.S.. I.V.S. 


ORIGINAL ARTICLES 


CHARLES WATERHOUSE WILSON, M.R.C.V.S., I.V.S. 

AN APPRECIATION. 

It is with regret that wo learn that C. W. Wilson of the Indian Veterinary Service 
haa proceeded on long leave pending retirement from the service. He was born 
on 5th December, 1874, at Coleshili House, Great Berkhampstead, Herts, — the son of 
the late Mr. William Wilson,* the well known veterinary surgeon of that place and 
one time Vice-l^esident of the Royal College of Veterinary Surgeons. He was 
educated at Berkhampstead school and at the Royal Veterinary College, Camden 
Town, which he enter^ in 1896 and from which he qualified as Member of the Royal 
College of Veterinary Surgeons in 1900, after a distinguished career at college having 
obtained honours throughout the course. On qualifying he responded to the call 
issued by the War Office for veterinary officers to serve with the Army in South 
Africa and immediately proceeded to the Front. He was awarded the King's Medal 
with five clasps. On his return to England he was selected for appointment to the 
Indian Veterinary Service, which ho joined in April 1900, being posted to the 
Hissar Cattle Farm for training under Major Farmer. He was transferred to the 
United Frovinces as 2nd Superintendent of that province in 1908 and continued 
to serve there until he was transferred to the Central Provinces as Superintendent, 
Civil Veterinary Department, in 1916. He was appointed Veterinary Adviser to 
the Government of the Central Provinces in 1921 which appointment he held until 
he left India on February 25th, 1928. He had organising and administrative abi- 
lities well above the average, and the way in which he administered and developed 
the sphere of usefulness of the departments of which he was in charge met with 
universal approval. He was a fine linguist and possessed an accuiate and fluent 
knowledge of the vernaculars of the provinces in which he served. He was a re- 
gular examiner at the Bengal Veterinary College and elsewhere and was disi^ 
tiuguished for his careful and patient examination of students coming before him 
for their oral examination. In private life he was popular with all he came in 
contact* He was a musician of a no mean order and devoted himself for many 
years to the training of the choir at the Nagpur Cathedral which he brought to a 
state of excellence which it will be hard to maintain without his constant care. 
He leaves India carrying with him the good wishes of his many friends. 

K. H. 
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biViD ALEXANDER bOllALD AIlJCJHtSON, M.il.C.V.S., 

M.P.S., I.V.S. 


AN APPRECIATION. 

Born on 8th January 1873, the son of Captain Aitohison of the Mercantile Marine 
and of Solway Bank, Dumfriesshire, coming of a stock which had been engaged 
in agriculture or as graziers for generations and being bred among tiie hills and 
moors of Southern Scotland, he naturally developed in early youth a strong bent 
towards pursuits connected with live stock and the sports of the field. He was 
educated privately and entered upon a business career in Coventry, but the life 
did not appeal to him and he found self-expression in the study of problems connected 
with stock breeding and animal husbandry. He eventually entered the Royal 
Veterinary College, London, in October 1896 and successfully passed the first two 
years of the course but was then struck down by serious illness which necessitated 
his leaving college for a time. He rejoined, however, after the lapse of a year and, 
completing his course, qualified as a Member of the Royal CoUege of Veterinary 
Surgeons in July 1900. At that time the South African war was in progress and 
he immediately offered his services as a veterinary officer for service at the front 
where he served with distinction until the end of the campaign, receiving the Queen’s 
and King’s medals with three clasps. On the termination of hostilities ho remained 
in South Africa to assist in demobilisation and in the suppression of the numerous 
outbreaks of contagious disease among live stock which ensued. He left South 
Africa in 1905 after having served there for 5 years. 

He joined the Indian Veterinary Service in 1906 and was posted to the Madras 
Presidency immediately where he served his probation under Colonel Gunn and 
succeeded him as Principal of the Madras Veterinary College in 1909, a post which 
he held until 1925 when he became Veterinary Adviser to the Government of 
Madras. 

The greater part of the present cadre of the Madras Civil Vetmnaiy Depart- 
ment was trained by him and during the twenty-two years of his s«ffvice he has been 
the teachCT, trainer, preceptor and in short father of the present department, and 
its high state of efficiency is a living monument to his life’s work in the Presidency 
of Madras. During his tenure of office at the college, vast improvements were made ; 
the college buildings and the hostel were enlarged, the library and post-graduate 
rooms added, a fine laboratory erected and advanced courses of study sn 

Pathology and Bacteriology introduced for graduates. 

In private Ufe Aitchison, or “ Aitch ” as he was familiarly caUed, was a genial, 
cheery companion, a fine shot, a keen fisherman and an all round ga 
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was an enthusiastic volunteer, serving for many years in the Southern Provinces 
Mounted Rifles and attending the Delhi Durbar of 1911 with that corps and being 
awarded the Durbar Medal. 

On the outbreak of the Great War when the Einden was scouring the Bay of 
Bengal and the Indian Ocean he accompanied as Veterinary Oflicer the shipment 
of horses, presentcid by the Madras War Fund, from Madras to Soutliainpton, for 
which service his name was mentioned in despatches. On his retirement which 
takes place in May of this year (1928), he will leave in India a host of friends, both 
British and Indian, who will continue to remember him with feelings of affection 
and regard. 



tea In north-east India, ii. 


P. H. CARPENTER, F.I.C., F.C.S., 

Chief Scientific Officer, Indian Tea Association, 

(Continued from Vol. XXIII, Pt. I,) 

The climate. 

The predominating factor which has made Assam such a successful tea-growing 
country is its climate. The tea best grows on practically any type of soil from the 
peats or hheels of tlie Surma Valley and the heavy clays of the Dooars to the light, 
poor sands found near the Brahmaputra, but, in order that it shall thrive, it must 
have a warm, moist climate with no long droughts. This first necessity was recog- 
nized many years ago and the following extract, taken from the Tea Cyclopaedia 
published in 1881, is of interest in this connection. 

“ Tea, it may be premised, will grow almost anywhere, but not very many 
climates will enable it to pay. 

“ To describe the best climate in two words, wo point confidently to Eastern 
Bengal; indeed, the judgment of a considerable portion of the Indian public in- 
terested in tea has long since pronounced the same decision. A hot, moist climate, 
where the thermometer in the shade never exceeds 95° F. ; never falls below 55° F. ; 
where the rainfall yearly aggregates 100 to 130 inches ; whore there is never any 
long drought, but where rain falls at reasonable intervals all the year round ; where 
heavy dews are frequent ; where morning fogs are not uncommon ; where the sun 
shines hot in an atmosphere p(3rfoctly free from dust ; where at no season can a 
breath of hot wind be felt ; where light, penetrating rain is more common than 
furious downpours ; where tlie effect of the entire climate is essf3iitially enervating 
to man, and takes much out of him ; these are the conditions that constitute, in out 
Opinion, good climate for tea, and where it is wise, if wise anywhere, t make tea 
gardens. Fever and tea go together. It may be a painful fact for tea planters, 
but it is no less true. No highly successful tea district can ever be a healthy one/^ 

Eastern Bengal probably refers to Cachar, for the temperatures recorded in the 
Assam Valley fall considerably below 55° F. The statement that fever and tea go 
together fortunately no longer holds good. 

In order to understand the climate of North-East India and to realise 
conditions in that area differ from those in Ceylon and South India, the other two 
big British tea areas, it is necessary to have some idea of the monsoon changes* 
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Broadly speaking, there are two sets of winds blowing steadily across the earth, 
the trades and the anti-trades. The trade-winds blow from the north and south 
to the Equator, but, owing to the revolution of the earth, the general direction is 
from the north-east and south-west. In the temperate zones the complements 
of these winds, the anti-trades, are met blowing from a south-westerly direction 
in the northern and a north-easterly direction in the southern hemisphere. Between 
these two sets of winds are two belts of calm where are found the deserts and Sar- 
gasso seas. 

But for the land mass of Central Asia peninsula portion of India would be in the 
course of a steady trade wind from the north-east, and Northern India would be in- 
cluded in the chain of deserts formed by Sahara, Arabia, Persia and the Thar desert. 
As it is, the land mass of Asia warms up in the summer months and there follows 
a general flow of air from the southern latitudes to take the place of the air rising 
from the Asiatic plateau. Eventually, this air flow becomes strong enough to over- 
come the north-east trade wind and then the south-west monsoon begins to blow. 
The strength of the monsoon varies with each season, and although the ultimate 
cause of this variation has not been decided, it depends in part, at any rate, on the 
oscillations of the two winds which are pitted against each other. 

West of Ceylon the monsoon current splits into two main components, one 
running up the east coast of Africa and the other round the Bay of Bengal. 

The current moving up the African Coast sheds copious rainfall on the Abyssi- 
nian plateau which floods the Nile and enables the Egyptian crops to flourish in a 
permanently cloudless sky. After meeting the Abyssinian plateau, the current 
makes an eastward turn passing Ca})e Gardafui and the island of Socotra and, having 
lost practically all its northerly component, reaches Bombay from almost due west. 
The rainfall at Bombay is 150 inches, but inland it decreases quickly and Poona 
has an average of under 30 inches, although further from the coast there is an in- 
crease again. Arabia, Persia and Sind thus miss the monsoon and Karachi has a 
rainfall of under 10 inches. 

The Bengal current is weaker than the African one. During its movement 
round the Bay, it serves the southern part of Burma and then comes to Bengal. 
Both currents are influenced by a depression which occurs in part of Sind and Eaj- 
putana. 

Towards the end of the season, the Bengal current is caught up in cyclones which 
whirl it across India and the rainfall brought in this manner has a great influence 
on the winter crops. 

Before the summer is finished, the attraction towards Central Asia begins to 
weaken, and by the autumn the air flow definitely begins to turn southward and the 
cloud canopy is withdrawn from Northern India. The north-east trade winds 
previously extinguished by the monsoon, are now reinforced by cold, dry winds 
blowing from the desert of Tibet which warm up as they cross the Bay of Bengal 
and pick up moisture tD be deposited lat^r on the southern half of Madras, 
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Prom the above brief account of the general air movements over India, it wiB 
be understood that Assam and the north-east corner are out of the track of the 
monsoon, yet on account of the general air drift towards the Tibetan plateau, there 
is a steady flow of moist air into this area. Furthermore, the Himalayan barrier 
and the funnel shape of the Surma and Brahmaputra valleys ensure that clouds, 
when they once enter the country, are shepherded round the hills till they are depo- 
sited as rain. Because of this, Assam is one of the permanently green provinces 
in a continent where conditions are, on the whole^ arid. 

It will also be seen that the western side of Ceylon and South India are served 
mainly by the south-west monsoon which a week or two later arrives, by a different 
route, in Assam. The eastern side of Ceylon and South India are served mainly 
by the north-east monsoon which blows dry over North-East India before reaching 
the Bay of Bengal. 

The rainfall tables below illustrate the variation in rainfall in the three districts. 
The first table shows the rainfall in typical areas of Ceylon. 


Average rainfall in Ceyhn. 


— 

Colombo 

Kandy 

Nuwara 

Eliya 

BaduUa 







in. 

in. 

in. 

in. 

January h 


. 


. 


3*36 

6-22 

.0-65 

9-71 

February 


. 




1*84 

• 2-23 

2-03 

3-02 

March 


. 




4*30 

3-86 

5-11 

4-34 

April 


. 




907 

C-78 

6-66 

7-40 

May 


. 




10-73 

5-43 

6-64 

4-45 

June 


• 




7-20 

9-64 

12-85 

2-29 

July 


• 




4-48 

7-50 

12-07 

1-99 

August • 


• 




3-14 

5*09 

7-91 

3-22 

September 


• 




4-73 

5-93 

8-29 

3-37 

October • 


• 



* • ’ 

13-44 1 

11-80 

11-13 

9*88 

NoTember 


• 



1 

11-59 

10-57 

9t00 

10-45 

December 


• 


• 

• 

6-11 


8*57 

12-43 






Total. . 

79-59 

83-77 i 

93-12 

72-01 
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At Colombo both monBOons are distinctly marked with dry periods between 
them. Kandy, occupying a central position in the island and not cut off on either 
side by high mountain, gets a more evenly distributed rainfall in addition to gen- 
erous precipitations from both monsoons. Nuwara Eliya is similarly treated. 
Badulla, in Uva, is on the east side of the rain divide and receives most of its rain 
from the north-east monsoon. 

In South India, the extremes of rainfall are shown by Madras on the Coromandel 
Coast, facing the Bay of Bengal, and at Cannanore on the Malabar Coast, facing 
the Arabian Sea. Towards the west coast are the tea districts. The Nilgiri Dis- 
trict is the one farthest from the sea and the Anamalais and Travancore face the 
weather. These points are illustrated in the table below : — 


Average rawfall in South India* 



Madras 

Cannanore 

Nilgiri 

Anamalais 

Travanooro 





in. 

in. 

in. 

in. 

in. 

January 


• • 


1*14 

0*25 

2*38 

0*40 

0-41 

February 


• • 


0*30 

0*26 

2*32 

0*12 

1*47 

March . 


• • 


0*34 

0*18 

1*94 

0*21 

0*44 

April . 



• 

0-63 

215 

4*12 

3*48 

252 

May . 



• 

1*84 

7*78 

6-00 

3*99 

H*77 

June • 



• 

1*97 

38*22 

4*08 

28*56 

48 67 

July . 

# 

• « 


3*84 

35*07 

4*74 

83*18 

74*33 

August 

• 

• • 


4*54 

18*83 

4*33 

2370 

40*47 

September 

• 

a • 


4*80 

8*63 

6*03 

17*34 

26*47 

October 

• 

• • 


11*15 

7*95 

14*35 

8*17 

19*69 

Ntwember 

• 

• • 


13*61 

3*67 

10*16 

3*35 

23*85 

December 

• 

• • 

• 

6*35 

0*61 

4*30 

0-33 

0*61 



Total 

4 

49-67 

123*50 

66*35 

172*83 

250*31 


In Assam, the rainfall varies over a wide range. At Cherrapunji, one of the 
Iffcttest spots on earth, it averages 381 inches with a ma^cimum record of 90n inches. 
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In Silchar it is 122 inches, in North Lakhimpur it is more than 160 inches and at 
Dibrugarh 122 inches. In the rain shadows of the Mikit Hills in the Glolaghat 
District, it drops to about 60 inches. 

At Tocklai the average for past nine years is 82 inches, although there has been 
a wide variation on either side of this value. From 1917 to 1926 the values recorded 
have been 97, 76, 68, 82, 74, 101, 66, 86 and 75 inches. The table below shows the 
rainfall at various stations in North-East India. 


Average rainfall in North-East India. 



Assam Valley 
(Tocklai) 

Surma Valley 
(Silchar) 

Dooars 

(Sylee) 








in. 

in. 

in. 

January . 






• 

0-95 

0*64 

0*47 

February . 







1*35 

2*32 

0*74 

March 







3*69 

7*99 

1*12 

April 







7*89 

13*56 

3-99 

May 





• 


9-64 

15*72 

11*09 

June 







12*43 

20*39 

33*43 

July 







17*04 

19*98 

44*5 

August 







13*01 

18*69 

28*21 

September 







10*11 

13*95 

28*07 

October , 







4*47 

(>•40 

7*49 

Noyember 







0*92 

1*31 

0*98 

December 







0*37 

0*54 

0*19 






Total 

• 

81*79 

121*43 

164*48 


Although rainfall is the chief factor in determining the suitability or otherwise 
of a district in India for tea, the distribution of the rainfall is an important factor. 
In addition to this, humidity plays a dominant part. In Northern India generally, 
the year may be divided into three seasons, the cold dry season lasting from Novem- 
Ipr to February, the hot r ry season lasting from March to May, and the hot, W0 
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season of the monsoon lasting from June to October. The tea bush is an evergreen, 
designed by nature to grow in a warm, humid climate ; and if the hot dry season 
is well marked as it generally is in Northern India, then tea will not flourish. In 
the outlying districts of North-East India like South Sylhet and the southern part 
of the Jalpaiguri district, although the rainfall in the spring compares favourably 
or is even greater than that in the Brahmaputra Valley, the humidity is low and the 
bushes stop flushing. 

The table below shows the rainfall at Habiganj in South Sylhet where the tea 
goes banjhi in the spring. At the town of Jalpaiguri, which is about 40 miles south 
of the Himalayan foot-hills, the tea acts similarly and is sometimes pruned in the 
spring. At Ranchi, in Orissa, the early drought is so severe that the bushes are 
sometimes completely defoliated. At Dehra Dun the same thing happens. 


Station 

Habiganj 

(Sylhet) 

Jalpaiguri 

Ranchi 

Dehra Dun 






in. 

in. 

in. 

in. 

January . 




. 

0-45 

0*30 

0*63 

2-19 

February 




• 

1*24 

0*00 

1*24 

2*49 

March 





4-63 

1*30 

MO 

1*46 

April 


• • 



908 

3*73 

0*80 

0*78 

May 


• • 



ir>-42 

11*07 

2*33 

1*57 

June 


• « 



19*74 

23*73 

9*00 

8*29 

July 





irr82 

31*28 

14*4(> 

24*33 

August . 





14*23 

25*04 

13*01 

25*68 

September 





11*78 

19*94 

8-2:{ 

9*30 

October . 





5*90 

4*90 

2*79 

0*29 

November 





0*83 

0*20 

0*37 

0*92 

December 





0*27 

Oil 

0*10 

0*07 





Total . 

99*29 

122*32 

54-72 

77*97 


In Assam and the Dooars the» advance of the monsoon s marked by a rise in 
temperature and humidity. During the cold w'eather a difference as great as 30^ F. 
Is often re^stered between ths naaximum and piinimuni temperatures, but aftei: 
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the monsoon has broken, the difference is usually about 10° ¥. The table below 
shows the maximum and minimum temperatures of typical stations. 



SUebar 

(Surma Valley) 

Tocklai 

(Assam Valley) 

JalpaiguTl 

Darjeeling 

Maximum 

Minimum 

Maximum 

Minimum 

Maximum 

Minimum 

Maximum 

Minimum 




“F. 


®F. 

®F. 


®F. 


®F. 

January . 



78 


70 

50 


51 

B 

35 

February . 



81 

50 

73 

53 

77 

53 

48 

36 

Maroh 



86 

63 

79 

60 

85 

60 

51 

42 

April 



89 

69 

83 

67 

00 

68 

62 

49 

May 



89 

73 

86 

72 

88 

72 

04 

53 

June 



89 

76 

80 

76 

88 

75 

65 

56 

July 



90 

77 

I 90 

78 

88 

77 

66 

58 

Angiut 



00 

77 

80 

78 

88 

77 ■ 

66 

67 

September 



90 

76 

88 

76 

87 

75 

64 

56 

October . 



89 

72 

85 

7X 

86 

70 

61 

50 

Ifovember 


• 

85 

64 

78 

60 

81 

61 

54 

43 

December 


• 

80 

55 

72 

61 

76 

53 

40 

37 


In Ceylon and South India the seasonal differences are very small and the mean 
temperature shows practically no change. At Ratnapura in the low-lying tea dis- 
trict of Ceylon, the annual mean is 80° F., at Kandy (1,664 feet) it is 74° F,, at Nuwara 
Eliya (6,188 feet) it is 59° F. and at Badulla (2,226 feet), in Uva, it is 74° F, At 
Kotagiri in the Nilgiri district of South India the annual mean is 73° F. 

The absolute humidity as measured at Tocklai shows a value of about 
0*4 to 0'5 in. mercury in January. In March or April it begins to rise and reaches 
a value varjdng from 0’6 to 0-8 inch. With the break of the monsoon there is 
another rise to about 0*90 inch at which figure it is roughly maintained tUl Sep- 
tember or October when it steadily falls, till in Deceml^r it is back to 0*4 to 0*6 
inch. Humidity controls our tea crop. 

The wind direction is either north-east whence it blows cold and dry, or south- 
west from which direction it blows warm and moist. During the monsoon tiieze 
is a general air drift from the south-west. The early months of the year are 
most windy, and during March, April and May huTPcai^es often blow, 
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times with hail. The latter contingency is a real danger, for a hail storm may well 
strip a whole area of tea. Most gardens in districts liable to hail insure against such 
damage. 

Only 3 years’ wind records arc available for Tocklai and the average of these is 
given below and illustrates roughly the change in rate of air drift. 


Daily wind mileage at Tocklai. 



Jan. 

Fob. 

Mar. 



June 





Nov. 

Dec. 

Average 3 yeara . 

2 e 

40 

55 

74 

42 

43 

43 

41 

35 

25 

20 

10 


The amount of sunshine is an important factor influencing, as it does to some 
extent, the tannin content of the leaf and also having an effect on the reproduction 
and attack of certain fungus diseases. 

Sunshine is, in part, a complement to rainfall and varies to some extent inversely 
as the latter. The average sunshine at Tocklai recorded during the past 9 years 
is as follows : — 


Average daily sunshine in hours at Tocklai. 


Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

6 3 

■ 

■ 

4 9 

■ 

■ 

40 

■ 

89 

5-8 

5 0 

5 2 


The decrease in sunshine with the coming of the monsoon is well marked. July 
is the wettest month and August on the average wetter than September. At times, 
however, long sunny spells are experienced in August and these periods raise the 
sunshine average. 

In the Dooars the sunshine average generally seems to be smaller than that in 
Assam. Only two years’ records over the mid season are available and these show 
a wide variation. The table below shows the values for 1926 and 1926. 


Hours of sunshine per mensem at Sylee {Dooars). 



April 

May 

June 

July 

August 

Sept-embor 

1925 

118 

101 

124 

94 

96 

86 

1926 

180 

i 

147 

91 

68 

127 

170 
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Much leas sunshine is leoorded in the Dooars during the monsoon than in Assam 
as the table below shows. 


Hours of smsMne per mensem at Tochlai. 






April 

May 

June 

July 

j August 

September 

1925 , 

• 



105 

102 

156 

IBS 

1 

136 

1 

117 

1026 . 


• 


177 

170 j 

131 

1 

112 

1 

149 

124 


A sunny season, especially a sunny spring in the Dooars, is considered to be 
associated with light tea mosquito {HelopeUis) attack. No sunshine records other 
than those quoted above are available for the Dooars, but it seems probable that 
what is regarded as a sunny season in the Dooars may show a record of hours of 
sunshine no greater than is the general average in Assam. In Sylhet, where, from 
experience only, it is assumed that the hours of sunshine approach those in Assam, 
a sunny start to the year is thought by many to mean a heavy mosquito attack 
later. A sunny start means a severe drought usually, and a serious weakening of 
the bushes. 

Until more records are available, little progress will be made in correlating pest 
and blight attack and sunshine. 

As previously mentioned, humidity is the main factor controlling the tea crop. 
In the Brahmaputra Valley the bushes are tipped in March or April after the spring 
flush. The first real flush comes in May and the second in Jime. The big months 
are July, August, September, and during these months 50—60 per cent, of the crop 
is gathered. The half season occurs about the middle of August. October is a good 
month varying greatly, and November gives one or two good pluckings if the rains 
hold good. From December till the spring tipping, the bushes are not plucked. 
Our heavy flushing period corresponds with a combination of high temperatures 
and humidity (both relative and absolute) which is characteristic of monsoon con- 
ditions. 

In Ceylon, as in India, the bushes begin to flush, without the stimulation due to 
plucking, with the spring rains. The heaviest flushing months all over the Ceylon 
tea districts both in the south-west and the north-east monsoon are March, 
April and May. During the first six months of the year many estates mitVa two- 
thirds of their crop. In June, July and August, during which time the monsoon 
blows hard and the rain f^ in torrents, the crop is poor. After August the crop 
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iticre^ses to a seoond maximum in November. December, January and February 
are again poor months in the south-west area although in Uva, November, Decem- 
ber and January are good months, owing to the north-east monsoon rain. 

In South India plucking generally continues throughout the year although 
during the height of the monsoon the bushes may close. There are two big flushing 
periods, the first being April-May when about 25 per cent, of the total crop is made, 
and the second, September to December, when 35 — 40 per cent, of the crop is made. 
Great variation in cropping intensity is, however, shown in different districts. 

(To be continued.) 



THE INDIAN SUGAR BOWL AND AGRICULTURAL RESEARCH 
IN CONNECTION THEREWITH.* 

BY 

Rao Bahadur T. S. VENKATRAMAN, B.A., 

Government Sugarcane JExpert, Coimbatore. 

I. Introduction. 

Gentlemen, 

Allow me first to extend to you a very sincere welcome to the Agricultural 
Section of this Congress, This section of the Congress was first inaugurated at its 
third session at Lucknow in the year 1916 and ever since it has been steadily growing 
in every respect. This is but as it should be because of the great importance of this 
staple industry to our country. 

There are certain special circumstances associated with the current Agricultural 
Section of this Congress. The Royal Commission on Agriculture in India is 
still in our midst and this day only about a thousand miles from this meeting. Sec- 
ondly, this Congress has had the rather unique privilege — I take it for the first 
time in its history — of having His Excellency our Agricultural Viceroy as one of 
its patrons. A third happy circumstance which, however, has been in operation 
for some time past is the steadily increasing interest which our legislatures and the 
public are taking in the development of agriculture and the various problems 
connected with it. The Reforms have directly contributed to this happy result. 

Under these circumstances I cannot help feeling that it would have been more 
abler person than myself had filled this chair. There is, however, 
one excuse for me and one consolation for you ; on such occasions the Chair pos- 
sesses a value of its own apart from the individual occupying it, a value derived 
from its previous occupants and the other traditions associated with it. 

Going through the addresses of the previous presidents, I notice that the subjects 
chosen for the address are either on general agriculture or on the subject in which 
the occupant of the chair might have specialised. I have taken as my subject, 

“ The Indian Sugar Bowl ’’ and trust to its contents to render the subject attractive 
to this audience, if my method of handling it falls short of your expectations. 

II. India— THE original home of the sugarcane. 

It is now widely accepted that India was probably the original home of the sugar- 
cane and that the knowledge of the cane and the manufacture of an edible product 

Address at the Section of Agriculture, Fifteenth Indian Science Congress, CiOotttU, 

( 1920 ). 
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from it was known in this country from very ancient times. In the early days — 
before the beginning of the Christian era and for some little time after it — the Indian 
production of sugar represented that of the world and the only one in it. 

It will take some time to detail here the various data on which the antiquity 
of sugarcane in India is based. I shall, therefore, content myself with mentioning 
the more important of them : — 

(i) Mention of the cane and its products is found in the earliest literature 

of our country and no other. The elaborate descriptions of Greek 
and Roman dinners do not contain any reference to sugar ; the elabo- 
rateness of the descriptions renders it unlikely that the omission 
was accidental. 

(ii) The sugarcane was so well known during the time of the Sakyas that 

they adopted it as their emblem. There is a reference to the plant 
in the Institutes of Manu, thus taking us back to over a thousand 
years before the Christian era. 

(iii) Authenticated records are available to show that the cane migrated to 

other countries either from India or from countries which originally 
would have received it from India. 

(iv) Borne of the indigenous canes, cultivated over large tracts in this country 

to-day, are the nearest approaches to the probable wild progenitor 
of the cane. These are also some of the hardiest in the world. 

Ill, Its migration to other countries. 

China must have known of the sugarcane and its products very early — as it is 
repeatedly mentioned as tribute to the Emperor of China from the Indian border 
provinces. It is recorded that in 1270 A.D., many sugar factories were flomushing 
in South China and sugar was available there at clieap prices. 

It is more than probable that Java — which to-day supplies tlie bulk of the Indian 
needs in white sugar — also obtained the sugarcane either direct from India or 
through China. The trend of recent discoveries would render the former alternative 
more likely. The cane has been in cultivation in this island from as early as at 
least 424 A.D, 

The wars and conquests of the Byzantines, the Moors and the Crusaders took 
the cane to Egypt, Spain, the Islands in the Mediterranean and the borders of that 
sea on the European as well as on the African coasts. In the beginning of the six- 
teenth century, Venice was a very important port dealing in sugar. 

The discovery of the New World and the subsequent colonization of that vast 
continent by the Spanish, the Portuguese, the Dutch, the English and the French 
brought fresh areas under cane and greatly contributed to adding to the contents 
of the world’s sugar bowl. This great extension of area brought this important 
article of food within the reach of the ordinary consumer. In the olden days, when 
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the world area under the crop was limited, the article was so costly as to allow its 
use only as a luxury or in medicine. “ Like an apothecary without sugar ” is an 
ancient proverb still current in Spain. 

The study of the spread and development of the sugar industry in various parts 
of the world is very fascinating, as it is very closely associated with political and 
other changes. ‘‘ Blood and tears, piracy and bitter despair, as also ambition, 
invention ind great adventure are inextricably woven with the history of sugar 
in the world.’’ By an irony of fate tliis sweet product is intimately associated 
with some of the darker sides of human nature, with wars and slavery. The cultiva- 
tion of the cane demands the employment of considerable and rather exacting labour ; 
and sugar plantations in the earlier days were some of the places where 
slaves were freely used to the advantage of the industry. In fact, the abolition of 
slavery over the greater part of the world between the years 1825 and 1850 
disorganized the industry in many places ; and it is sad to contemplate that cane 
cultivation was at one time an inducement for continuing this blot on humanity. 

IV. The birth of a rival — ^the sugar beet. 

Up to the beginning of the nineteenth century the sugarcane was practically 
the master in the field as the one plant from which sugar could be obtained. At 
this period a formidable rival appeared in the shape of the sugar beet. The beet 
sugar industry was born under the boom of Jfrench and German guns and, during 
its earliest days, was largely nursed by Fredrick William of Prussia and the Emperor 
Napoleon. It was a time when the two then most powerful nations of the world 
sought to give battle to each other not only on land and sea, but by each trying to 
starve the other in the matter of supplies. The beet root was one of the weapons 
with which Napoleon sought to support himself against England. 

The free and large imports of sugar into Em*ope from the Colonies had developed 
in the mother countries a craving for tliis important and agreeable article of food. 
When England effectively prevented sugar reaching France, the great Napoleon 
smarted under it and engaged a band of scientists to discover an alternative for the 
sugarcane. He caused various plants growing in France and other European coun- 
tries to be examined for the possibility of obtaining sugar from them. The 
birth of the beet sugar industry in Europe was one of the direct results of this gigantic 
endeavour. 

With his immense powers as Emperor, the beet sugar industry received so much 
patronage and encouragement at his hands that it had to pass thrnug|i severe crisis 
when all this patronage became suddenly unavailable with the downfall of Napoleon* 
The industry was very much like a spoilt child, petted and fondled amidst luxindoue 
conditions, suddenly thrown into the ordinary conditions of life. The beet sugi^ 
industry soon recovered itself, however, with the application of science and industry 
and 13 now a serious rival to the sugarcane. On the whole, the sugar beet ^irives 



THB mPIAN 8 UQAB BOWL 


m 


in regiotis the cane is not at its best. This has tended to greatly limit the 
otherwise very severe competition which would have come into being between these 
two great rival sources of sugar. As it is, the competition is keen enough and it is 
difficult to foresee at present what other rivals await us in the future. Will the 
world one day suddenly wake up to find proved the possibility of the manufacture 
of synthetic sugar on a commercial basis ? 

V. The Indian suoab bowl — ^ ixs contents and composition. 

After these general observations on the world sugar bowl through the ages, 
let us pass on to a consideration of the Indian sugar bowl as it is to day, its contents 
and composition, sources of supply and, what might be termed, the economics of it. 

Sugarcane and its products are consumed in our land in quite a variety of ways. 
Ifirst and simplest is its consumption as a ficuit. This method is pristine in its 
simplicity, involves no outlay on mills or machinery and has no foreign competition 
to contend with. For obvious reasons, it does not, however, lend itself to being 
adopted on an extensive scale. It is limited in scope and confined to only such 
individuals as are endowed with a gooil outfit of milling apparatus in the shape of 
strong and sound teeth. 

Secondly, there is the rather crude product resulting from the boiling down of 
the juice in open pans and now largely carried on as a cottage industry. There is 
an endless variation in the quality and composition of this article ; but, where the 
process of manufacture is clean, the result is a wholesome and appetizing article 
of food, said to be richer in vitamine B than refined sugar. 

The third product is what is generally known as “ shakkar.’’ This again is of 
two kinds, viz.y (1) a product very similar to ffur but in the powder form, the clari- 
fication and removal of impurities being done a little better than in gur manufac- 
ture and (2) a more or less crystalline article which is recovered from a product 
called ‘‘ rab ’’ after considerable loss of sugar in the process. 

The market for this commodity rests chiefly on sentiment and religious scruples 
which, however, are gradually wearing out. Its existence is increasingly threatened 
by the competing factory-made sugar. To my mind, its future is limited to condi- 
tions where it has the advantage of being run as a cottage industry. 

Fourthly, there is the refined product as obtained through modern machinery 
in factories, of which there are a certain number in the country. So far theee have 
largely been the result of foreign enterprise and are concentrated chiefly in Bihar. 
The number of such factories is altogether inadequate, as their total output in refined 
sugar is less than a seventh of our present consumption. 

VI. Analysis oe ou» oonsttmption and its lessons. 

It is both interesting and profitable to examine in detail our consumption of ffur 
and 6U|^ar products during the year. Such an examination, besides enabling us 
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CO form correct ideas about the relative importance of each of the produote to the 
country, should indicate the directions in which improvements are both important 
ahd urgent. 

To facilitate comparison I shall take the figures in rough and round numbers. 
The annual consumption of gtt/r and sugar combined is roughly a little over three 
and a quarter million tons. Of this about 75 per cent, consists of gur and deH sugar. 
Of the remaining 25 per cent, about 3 to 4 per cent, is crystal sugar home made in 
more or less modern factories and refineries working in this country. The remainder, 
i,6., between 21 to 22 per cent., has to be imported each year from outside, chiefly 
Java, at a total cost of about 15 crores of rupees. The lessons from the above 
analysis are obvious. 

The bulk of the Indian consumption is in the form of gur and so all work directed 
towards increasing the quantity or improving the quality of gur made in the country 
either directly or indirectly are bound to be of immediate benefit to the Indian 
grower and consumer. 

The gur, gul, gud or jaggery is a product rather characteristic of our land and 
enjoys a privileged market in the (country partly from sentiment and partly because 
of the peculiar flavour associated with it. In the Indian bazaar this article is at 
times dearer than even the refined j^roduct, in terms of the crystal sugar contained 
in it. While the dumping of cheap white sugar into the country does often-times 
place it in a precarious position, it is likely to hold its own as a cottage industry 
for some considerable time to come. It enjoys a considerable amount of protection 
from the Indian sentiment in favour of it and heavy transport charges from the 
coast to the places of consumption. The two princij>al drawbacks in this product 
are (1) the difficulty of keeping it for long periods and (2) the wide variations in 
quality and composition. 

The figures for the refined article show that its production inside the country 
is very small — less than one-seventh of the consumption — and an early increase 
in the supply of the home product would be necessary to make India self-contained 
in this important article of food and prevent the great drain to the country resulting 
from our heavy imports in this article. The urgency of the improvement will be 
better realised when it is remembered that with the advance of time the refined 
article shows an increasing tendency to replace the home made, but comparatively 
crude product, gur in the Indian kitchen. 

VII. Present location of the Indian sugar bowl— outside the country 

AND across wide SEAS. 

Prom the foregoing it is clear that at present the Indian sugar bowl is not happily 
placed. In the matter of refined sugar our bowl is placed away from the <^oUiitry 
and across the wide seas ; and every time we have to stretch our hands to reaoh 
to it. With the experience of the recent great war, the seriousness of tl^ preiksnt 
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condition will be readily realised and there could be little doubt that it needs serious 
and urgent attention. 

There is yet one other, rather startling, fact which renders our position particularly 
pitiable. Not only is it that the cane probably originated in India but oven to this 
day we have in the country nearly half the world area under the crop — an area easily 
greater than that of any other single country in the world. That, in spite of this 
vast area, India has to import annually large quantities of white sugar from outside 
results from two causes. One is that the acre yield in this country is comparatively 
low, being less than one- third that of Cuba, one-sixth that of Java and one-seventh 
that of Hawaii in terms of sugar.^ The second is that the factories in the country 
are few and have often to struggle with a poor class of cane equally disadvantage- 
ous to the grower and the manufacturer. 

VIII. The problem ano its remedies. 

Glancing through the work that has been done on this crop in the past — and 
such work began largely with the founding of Agricultural Departments all over 
the country — one finds that until recently it was mainly directed to the solution 
of local problems. In one case it was perhaps the introduction of a new cane to 
secure increased yields or to figlit out an existing disease, and, in another, improve- 
ment in methods of ffur manufacture, either to prevent losses or to make the process 
more economical. Very valuable work has been done in these directions ; but 
the fact remains that till recently no attempt was made to attack the Indian sugar 
problem as a whole and in all it»s bearings. 

It was in the year 1911 and during the pre-reform days that an unofficial Indian 
Member of the Imperial Legislative Council of those days, the Honourable Pandit 
Madan Mohan Malaviya, drew prominent attention to the unhappy condition of the 
Indian sugar industry, a position which was steadily growing worse with the advance 
of time. The All-India Board of Agriculture paid marked attention to it in the 
year 1911 and subsequent years and made definite recommendations. This period 
really marks a new era in the history of the industry as with it begins the tackhng 
of the problem as a whole and on all-India basis. The Indian Sugar Committee 
which followed in the year 1920 and the very careful and detailed recommendations 
made by that painstaking body greatly contributed to the clear elucidation of the 
difficult problems associated with the industry. 

I have already mentioned that the Indian yields are very poor as compared with 
those of other countries. This is mainly due to two causes. One is the poor quality 
of cane grown over the bulk of the Indian area and the other is the consideiable 
loss from the wasteful methods of manufacture adopted at present. 

Improvements in methods of manufacture of ffur and country sugar are 
very important, confer an immediate benefit on the people connected with the 
industry and have been receiving attention in aU the provinces. But the problems 
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HBs<jciate(l with it are often rather local in character. Not only the conditions but 
the requirements of the gur market vary widely from place to place. 

In the matter of improving the type of cane grown, the lirst and obvious line 
of attack adopted in earlier years was that of importing improved types from a 
(lilTerent locality or from a country overseas. It soon turned out, however, that 
such types were not useful over the bulk of the Indian cane area which is situated in 
sub-tropical regions. 

The Indian canes, though comparatively poorer, possesvs certain very useful 
characters. They are very hardy and having been grown in the country for very 
long periods are eminently adapted to what are generally considered unfavourable 
conditions for cane. 

The remedy was obvious. It consisted in trying to combine in a new cane oi’ 
canes the superior qualities of the tro])ical types with the hardiness and growth 
characters of the indigenous kinds. The results have been eminently satisfactory 
as will be shown in tlie course of the address, and involved the breeding of new 
seedlings after rather complicated hybridization. As the work is rather new and 
possesses certain characteristic features, it wovdd not be out of place here to 
review briefly the sahent features of this work. 

IX. SU(}A11CANK BKEEDJNt^. 

The breeding of sugarcane differs in certain essential respects from that of most- 
otJnu* crops. For one thing the growing of plants from seed does not, with tnost 
others, offer any s])ecial dilliculty. It is not so, however, with the c<ane. Certain 
vari(jti(js do not flower at all, others are infertile in one or both of the essential organs 
and the }^oung s(?edlings are generally rather delicate in the early stagiis and nee<l 
considerable eare to nurse them to maturity. Secondly, in tin; cane the })lants from 
seed do not resemble one another or either of the ])arents, even when pr(;caiitions 
are taken agaius chance Iij bridization in the field. Thirdly, tlie inheritance of 
characters in the cane has not yet be(;n traced to any well defined laws, which places 
the breeding of canes in a class by itself. The cane- breeder is wholly unabh; to 
know beforehand wiiat kind of seedlings to expect from a particular combination 
and, in the present state; of knowledge, lias largely to depend upon increasing the 
(jhauces of obtaining the desired combination by growing a very large population. 
The number of seedlings raised eacJi year at Coimbatore has often exceeded a hundred 
thousand and it is often a job, in the first instance, to grow and later to select from 
such a large number. 

But (;onditions are, how(;ver, steadily improving. The technique of breeding 
which involves some research has been considerably simplified and rendered more 
reliable in recent years, the station at Coimbatore contributing to some extent in 
this good work. Secondly, though definite laws have not yet been establislied ia 
connection with the inheritance of characters in the cane, data are rapidly accumulat- 
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ing as to die type of seedlings each variety may be expected to yield. All these 
are steadily introducing greater certainty in cane breeding operations, though it 
may yet l)e long, before almost mathematical accuracy like that now associated 
with the breeding of most other crops is available for sugarcane. 

Every cloud, it is said, has a silver lining and the work of the caue^bteedei' is not 
without certain compensating advantages. When once the improved cane is secuKid, 
its further multiplication is a comparatively easy matter. The method ot vegetative 
multiplication through cuttings — which is the method adopted in ordinary culti- 
vation — ensures the reproduction of the superior qualities more or le!-s intact in 
subsequent cro])S. 

Tlie breeding of canes at (Joimbatore was started only in the 1912 and this 
dav as manv as over acres are under the imju’oved ( <)im)){itore eaiias. Ilie 

(iiimbatore canes give yields which art* sometirnes 109 to JtJO ])er cent. su|)erioi 
to those of the indigenous v^arieties ; and a conservative estimate of the additional 
profit to growers has placed it o\'er 70 laklis of rupees during the season just passed. 

By itself, it has to be admitted, this is not a big saving for a big country Uke 
India ; but even so it ne(‘ds to 1)(‘. mentioned that it is over 11'* times tlie annua) 
rceurrinu expenditure on the station. When it is realised tJiat the total cane are.a 
in India is about 2 ^ million acres, that these improved canes have only just 
i4art(‘.d getting into cultivation, and that the 70,000 acres now grown with the 
improved canes re{)resent less than three per cent, of the possibh* area, it would 
readily be conceded tliat the future possibilities are indeed great. Cane-breeding 
has conferred great benefits on more than one country in the sugar world and 
experience so far gained in India would indicate that, if anything, the benefits would 
be greater to this country. The data already to hand fully justify my stating 
that cane-breeding is going to be one of the most effective means for making 
I ndia self-contained in the matter of sugar, if not for exporting it. 

X. The factory industry. 

But the breeding of canes at Coimbatore is only the beginning of the problem. 
It is perhaps also the only right way of beginning it, because, without the riglit cane 
to grow in the field, it is both futile and risky to develop in other directions. It lias 
also proved a very hopeful and auspicious beginning. In a very short period it 
has knocked the bottom out of the belief widely held that profitable cane cio[)s 
could not be grown over the bulk of the Indian cane area because of its sub-tropical 
Gouditions. Over parts of Bihar it has shown that yields could be doubled o\"cr 
large areas with but little alterations in cultivation methods. 

The fact appears to have been, not that the bulk of the Indian area could not 
grow profitable cane crops, but that so far science had not been diligently applied 
to the problem. The Indian canes have in them certain very useful cbaracters-' 
discovered and utilised by Java as early as the nineties of the last century and 
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A rather coniplioated hybridization with the tropical canes, roping into the parentage 
certain wild grasses allied to the sugarcane, was needed to yield the improved typos 
which would grow and flourish in the Indian cane area. The range of varieties 
available in our country is very large- much larger than in most others —and a 
continuous appUcation of science is all that is needed to steadily augment our present 
low acre yields. Java, within the last sixty' years, lias shown tlie utility of the 
application of science to the industry. Her acre yields which in 1860 were only 
about tons are to-day well over 5 tons. 

Now that the improved canes are available and would be so in increasing numbers 
in the future to suit the varying conditions of Continental India, it now remains 
to organize and improve in various directions the subsequent stages in the industry. 
The ideal before a br(‘(‘(]er ought to be to evolve types suitabh'. to any given set of 
conditions and cane-bree<ling should therefore be equally useful to the growers, 
whateiver be the manufactured product in individual (‘.ases. The Coimbatore- 
bred canes have already jrovtal this. T]n;y ha\'e benefited equally the siiuill grower 
})re])aring gur as a <a)itage industry, tin* planter supplying canes to the modern 
factory and the factory itself. 

These improved canes with their higher yields and other advantage's are bound 
to bring up for solution other probhuns such as the need for a ))etter system of 
manuring and cultivation, adjustments in factory operations and disease incidence, 
in the last of wliicli bre(aling should again prove useful. Nature is loath to bestow 
a gift without some liard fighting. 

The one immediat<‘ ])roblem before the country is to make India self-contained 
in the matter of sugar ; and so far as one is able to see at present, the founding 
of more factories in tlie country is the only solution. I have the authority of experts 
in the field, experts with plenty of experience of all the aspects of the sugar industry 
in otluir countries, to state that there is scope in the country for the founding of 
sucli factories. The })robIem is not without difliculties ; but it has truly been said 
that difficulties exist only to be overcome. 

The Imperial 1 )e])artment of Agriculture in India has taken in hand other phases 
of th(‘ problem besides (iane-breeding. One sncli is th(i Sugar Bureau at Pusa which 
within the very short period of its existence, has already given a new lease of 
life to the white sugar industry in at least one province, viz., Bihar. 

XI. Sugar as food. 

Before concluding tliis address there are one or two points to which I wish to 
draw ])articular attention. One is the increasing recognition of sugar as an agree* 
able and valuable food. As to its agreeableness no proof is needed. It is within 
the personal experience of all of us here. Its food value, however, is not so well 
known. 

Food for human consumption may be broadly divided into two classes, viz., 
uaintenance foods and fuel or energy foods. Sugar belongs to the latter class and is 
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very valuable as such. Tn the recent Great War, it is said, look-outs on shi])s used 
to be specially rationed with sugar on stormy nights. Arctic explorers and 
mountain climbers like Sir Earnest Shackleton and Dr. JTalory liav(^ testified to the 
value of sugar as an eiiergiser. Sugar is Die cheapest^ food for pm chasing energy. 
An anna would buy 545 (^alori(»s when laid out on sugar as against 595 for bread, 
and 180 for milk. It luis been claimed that a very minute variati(»n in the glucose 
of the blood may make the di (Terence Ih4av(mui cowardice, and courage, may deter- 
mine if a man is to be shot as a slacker or medalled as a hero. 


XII. SnOAH AND liIA]{ETES. 

There is a widesjnead belief that sugar is resj)onsib!e for diab(*tes. In certain 
(juarters it lias been blamed for camau* and rheumatism as well. A recent caridul 
exu.minatioii of the data has shown, hf»w'ever, that there, is no justification for tlu'se 
Ixdiefs. On the other hand, Dr. JIalph Ihunberton of Philaddphia has recently 
cr(‘dited it with conbrring some resistance against certain diseases. It is further 
significant that, in certain varie.t iiiS of corn and wheat, a ])Ositive correlation has 
recently be.en established ladwemi the sugar contents of the sa]) and resistanct* 
against certain fungus diseases. 1 have already stated that in the earliir days — 
when the world supply of this artieh* wa.s scarce -sugar found considerable ust‘ 
in medicine, it might again ])roV(‘ useful in this dire(4ion. z\nfise])tic properties 
have IxMUi claimed for it :ind it is on(‘ of our Ixist presirvatives lor Iruit as illustrated 
by tln‘ jam tra(h\ 


XI IT. OoNOLllSlON. 

it is cirtainly pleasing to our vanity to be told that our country was probably 
the original home of the siigare.ami. But the fact by itself is iicitlnr a consolation 
nor a helj) in our ])re.s(*nt unhapyiy dcpmidence on outside countries for this admit- 
t(‘clly vailuable article of food even to meet our own n(;eds. Tt is no consolation 
for a bankrii})t during his darkor hours to remember that once h(^ too had phnit y 
of the good things of t he world. The remembrance would only incvcasi^ tlu*. niiscrv 
of the subsequent unha]q)y situation. 

Deplorable as our present condition is, the futurt‘ outlook is, if anything, the 
gloomier. At- ])resent our consurajition of sugar per capita is between a tourth and 
a fifth of what it is in the most advanced countries of the world. As our eonsuiu]) 
tion increases with the advance of time- it is bound to and lias steadily done so in 
the past — our dependence would only increase, if effective steps art*, not taken in the 
meanwhile. Not only that, sugarcane is a valuable and important crop in the 
main cane-growing provinces and the loss of the ('Top through the dumping into the 
country of cheap foreign sugar would seriously upsid agricultural conditions in the 
country. 



176 


AGRIOULTUKAI. JOtTKNAL OF INPIA 


[ XXIII, nu 


In ancient days the Indian sugar bowl was probably the one and only one in the 
world. To-day, and through our not keeping abreast of the rapid development 
in other lands, it has become a veritable begging bowl ; and India has to stand at 
the doors of other countries for her needs in sugar. Our area is large, the white 
sugar belt of North India alone containing an area almost equal to that of Java. 
The auguries may also be deemed favourable as the first activities of the Central 
Government have already yielded very encouraging results. It only remains to 
put more energy into the work so well begun. 



AN EFFECTIVE METHOD OF POPULARISINC AURICULTURAI- 
IMPROVEMENTS AMONO RYOTS. 

BY 

N. S. KULANDASWAMY, Dip. Agri., 

Assistant Director of Agriculture, F Circle, Madras Presidencg. 


It is necessary to preface the subject with a description of the several methods 
which have been adopted in doing “ district work ”, i.e., the introduction of im- 
proved systems of cultivation in the ryots’ lands. The methods adopted every- 
where in the Madras Presidency arc more or less similar, but in this article, I shall 
confine myself to the Trichinopoly and Tanjore Districts which form my jurisdiction. 

The main staple food crop in these districts is paddy and it occupies about half 
of the total area under cultivation. Hence work was concentrated on this crop and 
the improvements brought to the notice of ryots have been the following : — 

(i) Use of improved strains of seeds. 

(ii) Economic planting of seedlings raised in thinly sown nurseries. 

(iii) Use of light iron ploughs. 

(iv) Adoption of better systems of preserving cattle manure, raising of green 

manure crops, use of cheap phosphatic manures, etc. 

The work of bringing home to the ryots the agricultural improvements of proved 
value with a view to enhancing the crop yields in this circle, may be said to have 
dated from 1915. At this period, only one or two subordinate officers were available 
for the work and the best use of them was made. In the beginning the usual method 
adopted was to meet ryots in their villages, learn from them their agricultural prac- 
tices, and then suggest to them suitable improvements and also demonstrate the 
same wherever and whenever possible. In most villages visited, there was some 
response to the advice of the itinerating agricultural officers but, as a rule, one or 
two ryots only interested themselves in the improvements ; others generally laughed 
at them until they saw the actual worth of the improvements. Even then they 
would attribute the superioiity of the crop to some imaginary favourable condi- 
tions of their friends’ lands and not to the improved methods of cultivation. As 
was natural under the above circumstances, the progress of oiu: work was slow. 
In addition to the above method of diffusing the knowledge of improved systems 
of cultivation, leaflets, pamphlets, villagers’ calendars, etc., dealing with the subject 
were distributed broadcast among the ryots. Several ryots were also taken to the 
Crovemnient farms and the work done there explained to them. They often had a 
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chance to see with their own eyes the working of the improved implements, superior 
systems of cultivation, etc. All these had some effect, but the sum total was not of 
the magnitude which was wished for. 

Some live years back, in addition to the usual propaganda work, an attempt 
was made to introduce agricultural improvements by means of what are known as 
(leTiionstration plots, i.c., by carrying out the several agricultiual improvements in 
central villages on ryots’ own lands at their expense but under the supervision of 
agricultural officers. 

By this time, more subordinate staff, though not to the required extent, had 
been appointed and so the demonstrations could be given in several centres. As 
far as possible, these plots were arranged by the roadside so as to be in view of passers- 
by who are mostly ryots and to make them observe the crops and study the efficacy 
of th(i improvements without suspecting anything or anybody for the better appear- 
ance of the cro]^ grown under the improved system. Parties of ryots were taken to 
these plots during the growing period of the crop. This system had the desired 
effect of removing from the ryots’ minds the erroneous idea that the suptiiiority of 
the crop was due to some special cause other than the improved method. After 
the inception of the demonstration plots, more ryots began to adopt the improve- 
ments but even then the progress of our work was not up to expectation. 

Thinking that co-operative societies would be the best media for diffusing know- 
ledge of agricultural improvements, existing co-operative credit societies were 
approached to carry out demonstrations with a view to make their members 
take interest in the work. Several societies readily undertook this work, but with 
the excicption of the Secretary or President or a solitary member who ran the demons- 
trations, the society, as a whole, did not care much for the work, with the result 
that the progress made was not very encouraging. The reason is not far to seek. 
For most of such societies consist of members whose sole object is borrowing money. 
Further, the rules of the credit societies did not admit of their taking up this sort of 
work. 

So much for the several successive steps taken in attempting to bring home to 
ryots improved methods of cultivation. I now come to the subject proper of my 
article, i.c., an effective method of popularising agricultural improvements among 
ryots. As all the systems described above did not meet with the desired success, 
an effort was made in the year 1925 for the first time to form special co-operative 
societies for our purpose by clubbing together as many ryots as possible interested 
in agricultural improvements and to carry on our work through them. These 
are known as co-operative agricultural societies. 

Tp the same year one such society was started at Lalgudy, which was blessed by 
the then Development Minister, Sir Sivagnanam Pillai, and was started by him. 

It is known as the Lalgudy Sivagnanam Co-operative Agricultural Society, Ltd; 
The main object of such a society is to demonstrate agricultural improvemeutd ; 
irecommended by the departmeut on a field scale with the necessary check plots oi| i 
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the lands of members or others taken on lease for a fixed rent, and to stock seeds, 
manures, improved implements, etc., for distribution to members and non-meml)ers. 
Suitable bye-laws were framed by the Deputy Registrar of Co-operative Societies, 
Trichinopoly, to carry on this work. 

In the case of such a society taldng a block of land on lease for rumiing the demon- 
stration area, the question as to how to make good the loss, if any, due to seasonal 
vagaries, naturally arose, and the difficulty was got over by arranging with one or 
more members to run the demonstration on their lands (about 10 acres in extent) 
under the following terms : — 

(i) The individuals running the demonstration area to g(^t advances of 

requisite seed, manure, and wages of coolies from the society. 

(ii) The advances to returned to the society at harvest together with a 

moiety of the extra net profit due to the improvement; but the loss, if 
any, is not shared bv' the societA'. 

Now coming to the l>ialgudy Sivagnanam Co-operative Agricultural Society 
about 9| acres of double crop wet lands situated by the road-side v ere taken on 
lease on a fixed annual rent of 30 kahnns of paddy (2,800 lbs.) per acre. In about ^ 
acres of this area, the various improvements in respect of the paddy crop as noted 
on page I"* 7 were demonstrated each separately and all in one combination, and 
in one acre the h)cal system of cultivation w^as ado])ted whitdi served as the control 
plot. The remaining portion (GJ acres) was crop})ed according to the improved 
method. In addition to this important work this society acted as an agent for 
the supply of special manures, improved implements, selected seeds, etc,. At the 
end of one year of its existence, stock of the work done by the society was taken and 
it was gratifying to note that it had done its duty to a fair extent. In this connec- 
tion it is perhaps not out of place to make mention of the fact that it is very difficult 
to persuade ryots to form agricultural societies and that much care and circums- 
pection are necessary in starting them and that only the best human material can 
be used. Further, a good deal of direct supervision is necessary in the beginning 
in conducting the demonstrations, as this is a new venture. Probably departmental 
help can be gradually withdrawn as they become accustomed to their work. As 
the first attempt was encouraging, some more societies were start(‘d last year- two 
in the Trichinopoly District (Nerur in the Karur taluk and Musiri) and two in the 
Tanjore District (Tanjore town and Mulangudy in the Mannargudy taluk) and a 
sixth one was organized a few^ days ago at Maruthiir (Kulitalai Taluk) which was 
christened after Mr. Anstead, Director of Agriculture, Madras, who had the 
honour of giving a start to the society and opening the demonstration area. The 
work done by these societies is on the whole encouraging though it is as yet too 
early to say anything, with full certainty, in favour of or against them. The results 
of the demonstrations conducted last year (1926-27) in some of the above societies 
are tabulated, 
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The results speak for themselves and the general superiority of the improved 
systems has appealed to the mind of many a ryot-member and non-member — which 
is evident from the fact that more people are adopting one or more of the improve- 
ments. As a further test of the utility of these agricultural societies, there has 
been a greater purchase of improved implements, seeds and manures from these 
societies, as may be seen from the figures given below : — 

Ks. A. p. 

Value of seeds multiplied and sold 977 16 0 

Value of manures sold 2,883 2 0 

The foregoing facts lead one to conclude that co-operative agricultural societies 
specially formed for the purpose are perhaps the best means of easy and quick intro- 
duction of agricultural improvements ; bxit much spade work has yet to be done 
and a net work of societies has to be introduced for the amelioration of the whole 
lot of agriculturists who form over 70 per cent, of the population. I also think that 
the rules of these societies require some modification, especially in respect of 
their borrowing power, as money is required for everything. But these are details 
•which vary from place to place. 

In addition to the work noted above, these societies can legitimately under- 
take joint-silt-clearance from irrigation channels, propagation of strains of seeds 
on a larger scale, etc. Now they serve as only small centres for seed multiplication. 

It cannot for a moment be said that the requisite co-operation exists among the 
members, in spite of the special care taken in selecting them, but it is earnestly hoped 
that it will be forthcoming in course of time and that more societies will spring up 
as a consequence. 



Results of demonstrations of AgricuUural improvements conducted in 1926-27 by some co-operative agricuUural soeneties in 

Trichin opoly and Tanjore Districts. 
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RINDEKPEST: ACTIVE IMMUNIZATION BY MEANS OF THE 
SERUM SIMULTANEOUS METHOD ; COAT VIRUS. 

BY 

X T. EDWARDS, D.Sc., M.R.O.V.S., 

Directory Imperial Institute of Veterinary Research, Muktesar. 

Directions for the application of this method of preventive inoculation, to confer 
upon cattle a durable immunity against rinderpest, have a])peared already in this 
Journal (1925, November, VoL XX, Part VI, p. 431). It was stated in that article 
that cattle subjected to this treatment were not infrequently exposed to consider- 
able risk from the almost inevitable concomitant introduction of piroplasms with 
tile virus ” used in the inoculation. The nature of tliese piroplasms and the 
disease they set uj> has been described at some lengtii in an article that appeared 
recently in this Journal^ (1927, November, Vol. XXll, Part VI, pp. 411 — 421), 
entitled, The Acclimatization of Imported Stock. ’’ 

Researches have been prosecuted on a considerable scale at Muktesar lately 
with the object of purifying the virus, at any rate to the extent of eliminating from 
it any accompanying piroplasms that are noxious for cattle in the manner described 
above. We have succeeded in achieving tliis end by causing the virus to propagate 
in bodies of small ruminants which are not suscc.ptiblc to infection by the cattle 
piroplasms, but which ordinarily arc resistant to rinderpest. The small ruminant 
chosen for the routine propagation of the virus is tlic goat. AV e know that natural 
outbreaks of rinderpest occur sometimes in this s])ecies, althcjugh in the scene of 
outbreaks of sc\'ere rinderpest among cattle in India it nearly always escapes attack. 
Likewise, in the laboratory it is almost imj)ossible to maintain the infection alive 
in goats by the customary laboratory methods : after iiioculatiou of a goat with 
the ordinary cattle virus the infection may persist in its blood, in minute amounts, 
intermittently, for a long time, but it is not possible to transmit this infection 
from the infected goat to a healthy goat ; contrary to what has been said recently 
by certain authorities, the blood of a goat infected in this way is not reliable for 
use in the serum-simultaneous method of inoculation, for the reason that it is not 
always certainly virulent. 

The means adopted at Muktesar to “ fix the rinderpest virus on goats wull 
be described later at some length in technical publications ; a brief reference to 
them has been made in the Aniiual Report of the Institute for 1926-27 
and also in a short paper read before the recent Meeting of the Far Eastei'i< 
Association of Tropical Medicine and Hygiene at Calcutta. It has been 
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felt, however, that the notice of the stockowner and veterinary worker in the field 
should be drawn early to the important modification in the system of the serum- 
simultaneous method of inoculation which is now capable of employment as the 
result of this research. The modification has been extensively tested at the labo- 
ratory for over a year, and is now undergoing application in the field. 

The practice of this modification is described in an Addendujn to the most recent 
edition (now in the press) of the circular directions for undertaking the serum- 
simultaneous inoculation. This Addendum is reprinted below : — 

Goat Virus. 

A. What has been said in this pamphlet uj)on ‘‘ virulent blood ” for use in the 
serum-simultamjous method of inoculation against rinderpest (page 4) may be 
modified now* considerably with great advantage as the outcome of recent research. 
It has become })ossible to “ fix ” t he rinderpest virus upon goats, and to passage 
it successfully in these animals, that is, to pass the infection on readily from goat 
to goat, by inoculation of small quantities of blood from afiected goat to healthy 
goat. 

B. The advantages of using virus from goats are, briefly, the following : — 

(а) The virus is ‘‘ chiansed ’’ of the cattle pirojdasms (describt^l in this 

j)amjjhiet, pages 6 and 7 ) by jiassage through the bodies of goats : 
the piro])lasnis of cattle cannot infect goats. 

(б) The virus has been found to possess a somewhat ‘‘ fixed ” or steady 

vn-ulence, often considerably lower than that of the virus obtained 
direct from cattle ; hence, it is generally safer. 

(c) It can be despatclied from the laboratory in small glass contaiiuirs, for 
inoculation into goats readily by the o})(rator himself, who can 
then manufacture unlimited supplies of fresh and reliable virus for 
his immediate use from these cheap and easily procui*able animals. 

((/) There is not likely to be the same sentiimuital objection to the use of 
goats as of cattle as virus producers among the Hindu })opulation. 

(c) By obsej ving the reactions in the goats inoculated by him for the provi- 
sion of virus, the o])erator can make himself reasonably assured that 
he is actually inoculating living virus into the cattle to be immunised. 
This is not so when the virus has been received in bulk long distances 
from th(*. laboratory. The operator may feel confident therefore 
that the serum used for injection simultaneously has not been wasted, 
or at least, conferred merely a temporary immunity, such as would 
have been obtained by the serum-alone method. 

(k The procedure recommended is the following : — 

(i) When the oj»erator wishes to inoculate cattle by the serum-simultaneous 
method in any locaUty he should telegraph his needs in goat virus to 
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the laboratory — whenever possible, four days in advance of the date 
when the virus is to be despatched from the laboratory. 

(ii) A consignment, comprising three glass am])(>iiles, eacli containing about 

5 c. c. of goat virus, will then be des})atclied fronj tlie laboratory to 
the consumer by registered parcel post, and telegrapliic. confirmation 
sent to him of the despatch. 

(iii) The operator meanwhile should procure two goats that are healthy, 

mature in age, and in fairly good condition. Oji anivai of tlie con- 
signment of goat vdrus, the iuixed contents of the ampoules should 
be injected at once subcutaneously into these goats. 

(iv) The tem])eratures and clinical ap])earances of the goats should thtm 

be noted daily, niorning and evening, and if the virus has not perished 
there will be observed, on the 3rd day usually, a very distinct rise 
in temperature. Substjcjuently, the goats will show malaise rough 
upstanding coat, discluu'ge from nose, ina|)petence. 

(v) If the inoculated goats do not sliow a distiru^t rise in the temperature 

by the fourth or fifth day after injection, it means very likely that 
the virus had jx^rished in tln‘, blood received from the laboratory by 
the time it was received, and the goats cannot then bti used for the 
provisioji of virus for the inoculation of tljc cattle by the serum- 
simultaneous metliod. In this event, the o])eratur should teh'graph 
to the laboratory for a furtluT supply of virulent goat blood before 
commencing inoculations. 

(vi) If the goats show an undoubted reaction, as descril)ed in para, (iv), 

they may be bled for virus on the fourth or liftli day after inoculation. 
At this interval, it has been found in the hiboratca-y sometimes that 
one-tenthousandth of a. cubic centiiiietre. of tlu* goat l)lood is viruhmt, 
and so the operator Juay use any convenifuit small c[uantity — from 
I to 1 c. c. — for the inoculation of the cattle to be subjected to the 
serum-simultaneous nuithod of immunization. 

(vii) The blood is run out tlu* jugular vein by means of a suitable hy])o- 
dermic needle into a clean glass vessel, that has b(‘.en sterilised by 
boiling beforehand. To prevent clotting of the blood, the vessel 
should contain about one-tenth its capai'ity of a four per cent, solution 
of potassium or sodium citrate (boiled beforehand), \Nhich is then 
well mixed with the blood as soon as it is run in, or idse some strands 
of metallic wire or glass beads to delibrinate the blood b)’ vigorous 
shaking for some minutes after it has been hd into the Ihisk. In fact, 
this process of defibrination can be readily carried out still more 
simply by running the blood quickly from the vein, tlirough a faiidy 
wide bored hypodei*mic needle, into a snuill ,metal or earthenware 
pot, such as an empty jam jar, that has been cleaned and boiled 
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and whipping the blood briskly for a few minutes with a bundle of 
wire “ twigs,” until the fibrin of the blood separates out on the 
twigs. 

(\iii) Inoculation of the cattle with serum should not be commenced until 
the operator is assured, from his observations on the goats, that 
they are likely to yield good virus.* 

(ix) The blood from the two reacting goats should be mixed together for the 

inoculation, for we have found that the blood of individual goats 
may be occasionally rather poor in virus, even though they show 
a high temperature reaction. 

(x) It is a good plan to inoculate two more goats at once from the reacting 

goats when blood is being taken from them for the inoculation of the 
cattle by the serum-simultaneous method. These two goats will 
then serve as “ controls,” when observations are made on them daily, 
to confirm the operator’s belief if they should react that the blood 
inoculated into the cattle was really virulent. Further, if all the 
cattle are not treated at once, it will be necessary to multiply the 
supply of available virus in this manner for subsequent use. In fact, 
the virus may be readily propagated indefinitely in this manner, 
by tlie inoculation of fresh goats every four or five (or even more) 
days from reacting goats. 

(xi) In any event, we strongly advise the operator as a first step 
to immunise only a small number of cattle — say 6 to 10, or a small 
proportion (about 10 per cent.) including representatives of all the 
kinds of cattle which he desires eventually to treat in this way. His 
observations upon this preliminary batch will enable liim to ascertain 
whether or not he has administered serum of proper quality and 
quantity and will give him the degree of confidence he requires for the 
wholesale treatment of the animals in his veterinary charge. 

D. Orders for goat virus, when despatched by telegram, should indicate 
plainly that goat virus is required. As the quantity issued will be the same for 


♦ For country cattle particularly, which have a fairly high natural resistanoo towards rinderpwt, 
we now recommend wholesale inoculation of cattle by the serum-simultaneouB method by injecting 
them with a Hat rate dose of serum, say 30 c. c. (but not less than this amount) and then inoculating 
them all with a little goat virus at the time they are injected with serum, with little more ado than 
if they were injected with serum by the serum-alone method, excej)t that W'e recommend, as a matter 
of precaution, that they should not be moved or worked among healthy, uninoculatod csattle for a 
week or two after they have been injected. In the scene of outbreaks of rindeq)est, this system 
may also be adopted witli great advantage upon the healthy contact cattle, that the authorities would 
otherwise inoculate by the serum-alone method ; thus a passive immunity lasting a few days only 
can be transformed into an active one, lasting two years or much longer, by the injection of a little 
goat virus simultaneously with the serum, which itself for safe use by this method need only be about 
double in ameunt Avhat would have to be used for reliable protection by the serum-alone method. 
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compliance with all orders (see B (ii), above) it will be sufficient to state on the 
telegram, for example; — “ Sera, Ritani, Despatch goat virus to leave Muktesar (give 
exact date) to (give exact postal address) — (telegraphic designation of indenting 
authority)/’ As indicated also above, four days’ notice of order should be given 
whenever it is possible to do so. "What has been said (page 3) upon the length of 
time the virus remains alive in blood applies to the goat virus as to the bull virus 
at least equally in so far as it has been laid down that it perishes in any event after 
a few days. 



GERMINATION OF SU ARCANE POLLEN IN ARTIFICIAL 

CULTURE MEDIA. 


BY 

NAND LALL DUTT, M.Sc., 

Second Cane-Breedmg Officer^ Coimbatore^ 

AND 

G. GANAPATJM AYYAR, B.A., 

Chemical Assidanty 

Imperial S'ligarcane Station, Coimbatore 
1. Introductory and historical. 

For employing a variety as parent in sugarcane breeding, it is essential to have 
some knowledges of the fesrtility or otherwise of its pollen. Such knowledge enables 
the breedtr to decide if tlie variety in (juestion is to be used as a male or female 
parent in breeding operations. Anthesis ])ercentage8 help in such a decision, for 
instance, (K) to 100 per cent, opoiii anthers in a variety indicate its use as a pollen 
parent. As however the pollen liberated from an open anther may include any 
percentage of immature or rudimentary j)ollen which will not germinate, it becomes 
necessary to make germination tests before deciding about the use of any variety 
for pollination. 

Since the earliei* attemjhs of von Mold (1834), Schleideri (1849) and Van Tieghem 
(1869), pollen of various genera and species of both monocotyledons and dicotyledons 
have been germinated artificially in culture media, but not with uniform success 
in every case. The various factors governing the germination of pollen are far 
from having been cojnph’tely determined and tlie problems connected with pollen 
physiology still await solution. 

The artificial germination of pollen of grasses, in particular, has not been an 
easy task, though Androm^scii ^ {ind Anthony and Harlan^ have succeeded in readily 
germinating maize and barley pollen respectively. The attempts made at Coim- 
batore and elsewhere to germinate sugarcane pollen inartificial culture media 


1 Andronescu, D. 1. The Pliysi^^ogy of the pollen of Z/ca 'Mays with wpeoial regard to vitality, 
80 p., 4 pi. (Urbana, 111) Roferenoe list, 1915. 

* Anthony, S.,and Harlan, H. V. Germinatitm of barley pollen. Jout, Agri, Vol. XVIlli Nq» 
10. pp. 525 to 530. 
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have, so far, given very discouraging results.^ Strasliurger in 1880 established the 
fact that pollen of one species will gerniinaUi on the stigmas of very different species 
of plants, the pollen of a monocotyledon germinating on tlui stigmas of a dicotijle- 
don and mce versa. The failure to germinate cane ])ollen in culture Tuedia naturally 
led to trials being made on the live stigmas of other plants. Venkatraman ^ ob- 
tained satisfactory results with the stigmas of Datura Jastuo.m var. alba, after a 
trial of over sixty species. In his trials, g(U‘minations were also obtained on the 
stigmas of Carica Papaya, Hilnseus vilifoHus, Gynandropsis peniaphylla and TheS‘ 
pesia populnea ; but Datura, was iinally sehict(Ml as tlie standard and has all along 
been used at tin* rm|)crial Sugarcane Breeding Station, ( Vhmbatore, for testing 
the viability of cane pollen. CV)ttrelI-J)ormer ^ and Mercado ^ have used the fresli 
sugarcane stigmas for polhui viability tests. The results are no doubt satisfac- 
tory, but the minuteness of the cam^ flower and the abundance of stigmatic 
hairs seem to be handica]>s. Barber *'* has described a ‘‘ direct method of ger- 
minating sugarcane ]M)lleu bas(id on the observations of K. V. K. Badami. In 
this imdhod no culture medium is emphu ed and the ordy requisite seems to be 
the pro})e.r adjustment of moistures so that it is n'xluced to a minimum. 

The above statements and the imj)ortance of tlu^ subject to sugarcane breeding 
suggested the retrial of various culture media for germinating cane ])ollen arti- 
ficially. 


II. Material and methods. 

The (hue Breeding Station at (^>imbator(‘ affords unique o])]>ortunities for 
sugarcane pollen studies inasmuch as it has to grow a large assortment of cane 
varieties and seedlings for br<;(iding juirposes. While this is a giciat advantage 
in so far as it presents a wide field for the choice of niat(‘rial, the fact that the 
majority of canes conies into flower within a short interval of tinu^, viz., about 
two months ^rom middle of October to middle of Decemlier, greatly limits the sco]>e 
of extended study. 

The other handicap, so far as the material is concerned, is that there is a good 
deal of variation in the nature of the available pollen. This variation is obstTved 
to occur not only in different arrows of the sanu^ variety but also in diileri.nt por- 


^ From an abstract of Weller’s article on sugarcane pollen stiitlicR received at the time of writing 
(March 1927) it ap^>ears that certain amount of success was obtained witli artificial cnltuie media. 

Weller, D. M. Sugarcane pollen studies. Hawaiian ]*lavin.V Rvrord, Vol. SO (192(>), pj). 400- 
414, Facts About Sugar, Vol. XXI, Novr. 0, 1920, p. 10C3. 

® Venkatraman, T. 8. Germination and preservation of sugarcane pollen. Agri. Jour. India, 
Vol. XVll, IH. II, March 1922, pp. 127-132. 

* Oottrell-Dorraer, Studies on fertility of sugarcane flowers. VUintcr and Sugar Mann • 
fcw,turer, Vol. LXXIII. No. 20, pp. 389-391. 

* Mercado, T. Study of the flowering habits and flow'er characteristics of three varieties of angar- 
cane. Pkilippine Agriculturist, Vol. XV, No, 4. Sept. 1926, pp. 181 201. 

® Barber, C. A. A direct method of germinating sugart^ane polhui grains, inlcrnahonal Sugar 
Journal, Vol. XXVII. July 1924, pp. 358-359. 
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tiona of the same arrow and from spikelet to spikelet. Further, the anthers differ 
markedly as regards time of opening and there is considerable amount of variation 
in size, contents and shape. 

The works of Anthony and Harlan ^ on barley pollen, of Martin ^ on pollen of 
Trifolium ]trat,cHse, of Adams ® on pollen of apphi and of Brink ^ on vinca pollen, 
etc., have demonstrated that different kinds of pollen need different treatment 
for artificial germination. Some require only suitable moisture conditions for the 
production of pollen tubes, while with others the sugar and other requirements 
have to be very exact. 

Our first attempts in germinating sugarcane pollen were directed towards the 
control of moisture and air supply. The pollen readily burst in excess of water 
and got shrunk when moisture was completely withheld. For the determination 
of the requisite amount of moisture for germination, a series of experiments was 
laid covei’ing a wide range. A second series was designed to determine the re- 
quisite amount of air. After trials a glass ring 7-5 mm. high and 17 mm. in dia- 
meter with two to tliree drops of culture medium at the bottom was found to bo the 
most satisfactory moist chamber. The advantage of putting two to three drops 
of culture medium as a source of moisture supply in place of moistened filter paper, 
drops of water or mesophyll, consists in the fact that the vapour pressure equili- 
brium is maintained, no water evaporating from below and depositing on the culture 
medium above and vice versa. 

The next aim was to ascertain the suitable culture medium. Attempts with 
dextrose, fructose, maltose, lactose and galactose met with no success. Addition 
of 1 per cent, agar to the above sugars did not make any improvement. Twenty- 
six per cent, of maltose and 17 per cent, dextrose with less than 1 per cent, agar gave 
about half a dozen germinations each. Encouraging results were obtained with 
sucrose solutions. Various strengths of sucrose solution with about 1 per cent, of 
agar and without agar were tried. Very low concentrations such as 5 and 10 per 
cent, of sucrose caused considerable burstings and produced only a few germina- 
tions. As the concentration was increased, there were more and more germinations 
and the bursting decreased. Very high concentrations, e.g.^ 40 and 50 per 
cent., on the other hand, inhibited germination and the contents plasmolised. Best 
results were obtained with concentrations ranging from 23 to 30 per cent, sucrose 
combined with about 1 per cent. agar. 

As a result of repeated trials, the following technique for the germination of sugar- 
cane pollen was finally adopted as the most satisfactory. Chemically pure cane 


1 Zoc. ciL 

* Martin, J. A. The physiology of the pollen of Trifoliwm prateme. BoU Qaz., Vol. 66. ni). 112. 
126, 1913. 

* Adams, J. On the germination of the pollen grains of apple and other fruit trees. BoL 
Vol. 61, pp. 131-147, 1916. 

« Brink, R. A. The physiology of pollen. .4f?7er. Jour. Bot.^ VoJ. 3CJ, 'Nob. 4, 6, 6, 7, ApiiJ, May, 
June, July, 1924d f 
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sugar (sucrose) is dissolved in distilled water to give a strength of 26 per cent, sucrose, 
and 0*7 per cent, agar is added. The solution is boiled for a minute or two to dis- 
solve the agar and cooled again to the room tempeTature. A glass ring 7-5 mm. 
high and 17 mm. in diameter is vaselined on the top and bottom and placed over 
the cavity of a hollow ground slide. Two to three drops of the above culture medium 
are placed in the hollow. A small drop of the medium is then put on a clean cover 
slip and spread to a thin layer with a glass rod. The pollen is then dusted on the 
medium and the cover slip inverted over the moisture chamber. The vaseline 
makes the chamber fairly air proof which seems to be a necessary perquisite. The 
moist chamber is then left at the room temperature (2IV26‘^ C.). 

The percentages of germination were worked out by putting the slide with the 
moist chamber on a mechanical stage and gradually going ovfT the field. A micro- 
meter marked into squares was put into the eye-})iece to ensure that germinated 
polhin grains ali'eady counted are not once again taken uj). In making the counts, 
the informed or rudimentary grains were discarded. 

III. Results obtained. 

(t) Coni'parativv mahility of a few varieties of sugarcane. 

The pollen of the undermentioned varieties was pat for germination in 26 per 
(amt. sucrose 'lAus 0-7 j)er cent, agar culture medium. The pollen of the varieties 
La Purple, Red Ribbon, Purple Mauritius, Maur. 131, Manjri Red, B. 6388, D. 74, 
D. 13>1, P. 0. J, 1410, P. 0. J. 1499 and P. 0. J. 2G9G was obtained from a crop 
growTi under wat land conditions, while that of the rest was got from a crop grown 
on a stiff and rather saline soil. Portions of arrows were cut about one hour before 
the opening of the anthers and were brought to the laboratory with the base of the 
cut portion placed in a bottle of water. 

Table I. 


Viability of pollen of different varieties. 


Date 

Name of variety 

No. of 
pollen 
grains 
sown for 
gerDiination 

No. of 
germinations 
obtained 

J'ercoritage 

of 

germ illation 

3rd November 1926 

6th November 1026 

9th November 1026 

I5th November 1026 

La Purple 

Rod Ribbon 

Purple Mauritius . 

Maur. 131 . 

Anthers did 
and pollen 
No free i 
5 or 6 gra 
tion. 

4,760 

6,436 

not protrude 
was not liber* 
shedding of 
ins obtained— 

330 

33S 

and dehifico 
itod freely. 

pollen— only 
-no gennina- 

7 

o 
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Viability of pollen of different varieties — contd. 


Date 

Name of variety 

No. of 
pollen 
grains 
sown f<*r 
germination 

No. of 

germiiiatii >ns 
obtained 

Percentage 

of 

germination 

Ihth NovemW 192(5 

Manjri Bed . 

5,034 

S99 

10 

15th November 1920 

B. 

4.91(5 

171 

3 

9th November 1920 

1). 74 . 

9,K99 

419 

4 

latli November 1920 

I). 131 

1.429 

783 

IS 

lOLh November 1920 

r.()..l. 1419 

2,537 

515 

29 

12th November 192(5 

r. 0.3.1499 

7.114 

1.990 

15 

5th November 1920 

P. 0.3.209(5 

S,29(5 

1,598 

18 

21st November 1920 

tV». 299 

1.3.31 

181 1 

14 

29th October 1920 

iM. 54111 

13,.5(55 

5,907 

44 

15th November 1920 

M. 54213 

3,273 

458 

14 

7th November 192(5 

M. 554(54 

S,170 

2.059 1 

32 

23nl November 1920 

.M. 55599 

3,S3.3 

(590 1 

1(5 

25fh November 1920 

SarcOm Desi 

21.735 

5,729 

2(5 


{ii) Infnencc of teviparaf itrc. 

For tlie d(^t(‘riTiiiiatioii of effijcis of ures, t lie cultures were ])ut at 

fixed degi’ees of teiii|)ernture ((‘entip'ade) in the incubator. The pollen obtained 
was from cut arrow kejit in a botthi of water. Tbese were com])ared with cultio’es 
kept at tlj(i laboratory t(‘.ni])(‘ratiir(‘ as noted below : - 


Table II. 

Effect of fenrperalure on (jermination of pollen. 


V ariety. — Saret ha I )csi. 


Date 

UnOEU I.AliORATOKY (^ONOITIONS 


In the incubator 

— 

First 

tost 

S(‘cond 

test 

First 

test 

Second 

teat 

27 til November 1920 

Temperature 

No. of fiollen grains sown 
for gcTmiiiation. 

No. of gi^rrnination.s ob- 
tained. 

I’ercentago of g(*rmina- 
tion. 

23‘(:. 

2,379 

185 

8 

23 

219 

27-5^0. 
j 4,480 

1,035 

23 

27C°C. 

179 



























ARTIFICIAL CERMIKATIOl^ OF CANE 1 OLLEN 


196 


Effect of temperature on germination of pollen — contd. 

Variety. — iSarctlia J)e8i. 


Dale 

UnUKR I.ABOIUTOHV CONeiTJONS 

In' tmk in( I’UATojt 

— 

First 

to.st 

S<‘onnd 

t<>st 

i'drst 

tost 

StHiond 

to.st 

8Ui DcMT'inln r 11121) 

rVanpornturr* 

27 

2T i 

‘M) i'. 

20 C. 


No. of polh'H f^rain.'^ 
Kowii fui gonninatioii. 






No. of ^(‘rniinatioii.H ob- 
tain i‘(i. 

-IS 

.^2 




l*orc*(‘iila<:'e of ^4 ‘itiii na- 
tion. 





1 1 1 h I Irrcin lifr 1 0211 

'J^Mnixnif nn- 

21 


:iu r. 



No. o{ poJt.n ^oains sown 
tor ^^cjrninat ion. 

2.4IU 


1.470 



No. of ^orminiU ions «>b- 
t amc(l. 

:aiu 


12.7 



P(.T(M'ntHL‘^r of ii« rniina- 
t ion. 

ir> 

... 

20 



Vaiiet V. -M. .’>4 111. 


I2tf) I)rc4-mb<‘r l!)2b 

'!\rn])riaturr 

21(2 

24 ('. 

;b*r(2 

22"( 


No, of poilfx Loains now !i 
for sjirrniinat ion. 

s20 

sk; 

72.7 

4! 10 


No. ol ^tMiniiuU ions ob- 
1 aim'd. 

422 

2(iO ; 

217 

227 


l\‘r<.‘(‘nt ot i^cifidna 

tion. 

52 

42 

12 

40 


As will be seen from the above, there is a wide range. ol teinperature iii whieli 
])ollen ajj])earf^ to g<irminate. norniallv. I'he labora.tory teinperat urt*. in th(‘, niorning 
varied Ironi *22 i\ on chilly davs to 2i\ to 27' V, on otiier (la> s. Coxal germinations 
Were obtained irres])eetiv(* of t he chang(\s in temjKTat ure. At 27, 20 and 2);’) ( 7 in 
the incubator, the percentages (d giTinination and the huigth of the. tubes were as 
good as at lower temperatures, but at 2>0 and there was a te.ndency to burst . 


{Hi) Injlm ncr of nralher. 

Changes in weather conditions iniluence anther dehiscence to a considerable 
extentu Bright sunny weather (juickens dehiscence of anthers, whei‘eas cloudy 
weathei' delays the same, and it luiglit be expected that changes in weather condition 
would, likewise, have similar influence on the. germination capacity of . pollen. 









196 


AGRICULTURAL JOURNAL OF INDIA 


[ XXIII, IIL 


The following table, however, shows that germinations were 
of cloudy or rainy weather : — 


obtained inspite 


Table III. 


Influence of weather. 





Total 

No. of 

Percentage 

Date 

Weather 

Variety 

no. of 

gerniina- 

of 




pollen 

tions 

germination 

2»th October 1026 . 

Previous day sunny ; 

M. 54111 

1,035 

344 

33 


night clear ; morning 


1,737 

646 

37 


clear. 


1,277 

456 

36 




2,172 

741 

34 

3rd November 1020 . 

31st and Ist rainy; 

Do. . , 

493 

143 



2nd clear and sunnv ; 


1,439 

372 

26 


2nd night cloudy and 
slight drizzle ; 3rd 
morning clear and 
sunny. 

i 

1,236 

473 

38 

5th November 1926 . 

Previous night a bit 

P. 0. J. 2600 

447 

98 

22 


cloudy ; morning 


Not counted. About 25 


cloudy. 





0th November 1926 . 

Previous evening at 

Do. 

1,637 

242 

16 


2-30 to 3-20 P.M. 


1,354 

326 

24 


sharp rain ; night 
cloudy ; morning 

cloudy ; intermittent 
sun thereafter. 






7th November 1926 . 

Previous evening 

M. 65464 

931 

236 

25 


cloudy and drizzling ; 
night cloudy and 


1,114 

365 

1 33 


slight drizzle; 




I 


morning cloudy with 
intermittent drizzle. 





8th November 1926 . 

Previous day cloudy 

Do. 

3,486 

1,187 

34 


and drizzling ; night 
cloudy ; morning 

cloudy. 


2,639 

863 

33 

11 th November 1926 . 

Previous day and night 

Do. 

2,026 

370 

18 


clear ; morning clear 
and sunny. 


762 

140 

18 

12th November 1926. 

Sunny and clear 

Do. 

2,147 

491 

23 




2,351 

603 

26 
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Pollen viability at different periods after dehiscence. 

The object has been to hnd out whether maxi in urn germinations are obtained 
when pollen is dusted just at the time of dehiscence or at any time after that. 

From the data ♦ given below it will be observed that dusting pollen one hour 
after dehiscence does not materially affect germination. 


Table TV. 

Pollen viability at different jy^riods after dehiscence. 

Date. — 28th November 1926. 

Variety. — Saretha De»i. 

Time of dehiscence. — 7 a.m. 


Time of duHiing 

Total No. of pollen 

No. of germinations 

Percentage of germi- 
nations 

7 A.M. .... 

2,742 

778 

28 


1,798 

228 

13 

7-30 A.M. . . . . i 

3,536 

1,137 I 

32 


3,085 

1,037 1 

34 

8 A.M. .... 

Not counted ; many germinations, not le^y (ban the previous. 

A.M 

Not counted ; many ^ 

crniinations, but I<*ss than the previous. 

9 A.M. .... 

1,970 

280 

14 

i 

2,337 

288 

12 

Date.— 29th 

November 1926. 



Variety.—vSai-otha Desi. 



Time of dehiscence. — 7-15 a.m. 



6-55 A.M. . . . . 1 


No germination. 


7-16 A.M 

2,550 

598 

23 

7-45 A.M. .... 

2.730 

780 

29 

8-16 A.M 

3,494 

912 

26 

9 A.M. .... 

3,270 

(103 

18 


* Pollen was taken for this test from a growing arrow in the field. 







198 


AaRIC0LTtmAL JOimKAL OF INDIA 


[ XXril, UI. 


IV. Retention of pollen viability after exposure to free air under dif- 
ferent CONDITIONS. 

It is of considerable importance to tbe cane- breeder to know exactly when the 
sugarcane pollen has its maxinium viability and how long it is retained after dehis- 
cence. Barley pollen is stated to lose its viability entirely when exposed to air 
for ten minutes. Pollen of Saretha Desi, a thin North Indian sugarcane variety, 
was studied with this object under the following conditions 

(1) When left exposed to atmosphere witliiii the laboratory, and (2) When 
exposed to atmosphere in direct sunlight. 

(i) On exposure to free air in the laboratory. 

When the anth<;r dehiscence was in full swing, pollen was shaken oJI from tlie 
arrow and gathered t(^gethei on white paper and germinations tested at dilYeirent 
intervals with the following results. A control was also put in, i.e.^ pollen was sown 
for germination direct from the dehiscing anthersac. 


Table V. 


Germinations obtained from pollen exposed to air in the laboratory for different periods 

of time. 

Date. — 5th l>eeeu)ber J920. 


Variety. — iSaietha De.si. 
Huilv Ueliiscencei — 7-II0 A.M. 


Time 

of dusting 

Teippcrature 

DUJiATIO^i OF IfiXrOSUHE 
TO AIU 

No. Ol<’ CJEKillNATJOJ^S 

OBTAINED 

Hemauks 

Hours 

Minutes 

First k^st 

Second test 

A.M 











■ 

24 



219 

179 

Control,* 



■ 

24 

(.) 

5 

290 

232 


91 



24 

0 

20 

2vHU 

380 





24 T> 

0 

40 

189 

201 




■ 

24-5 

0 

50 

150 

207 



^BH 

■ 

24-5 

1 

0 

2 





■ 

24-5 

1 

10 

95 



9 . 



24*5 

1 


70 

34 


9-50 



25*5 

1 


26 

17 


10 . 



20 

1 

2 

1 


nil. 

nil. 

i 


Column No. 4, Table V, ropi*esents the counts of gcuniimted pollen gruiua. Total nutnlnitr of 
grains put for germinations wei*e not counted. 


















LATE XVII. 



Germination ot Sugarcane jiollen in artilicial culture media. 



AaTlHOUIi OERMINATION OF CANE POLLEN 


199 


IVom the above, it will be seen that about one hour’s exposure to atmosphere 
does not very much affect the viability ; but after one and a half hours there is a 
marked decrease in the number of germinations obtained. After two and a half 
hours, there were no germinations. 

(n) ()n exposure to atrnosjihere in direct sunlight, 

Tluj pollen was collected on pai)er as before and exposed to sunlight and tem])era* 
tiires noted at different times of dusting. 

Table VI. 

Geruduufion of pollen on exposure to air in sunlight for different times. 

— <>tl> Doconiber 
Variety. - iSaretha 
Hulk doluHe-onee. — VdlO a.m. 


1'iruo of diistinn 

i 

'Vein jK*raiuru 

DfJKATlON OF KXFOSl'KE 
TO AIR IN .SUNLIGHT 

No. OF OERMIKATIONS 
OBTAINED 

B EMARKS 

Hours 

Mimitcb 

V'irst lt*st 

St‘(.!ond test 

A.M. 







7-45 

25 

0 

15 

145 

275 


H . 

27 

0 

30 

153 

282 


H-40 

1 20-5 

J 

10 

()43 

500 


*4 . 

.‘{0 

I 

30 

S2 

188 



;m5 

2 

0 

2 

4 


10-15 

35 

2 

15 

n it. 

n il. 



It is interesting that when exposed to the sun also i)ollen retains its viability t o 
approximately the same time (PI. XVII, Fig. 3) as in shade. This must be con- 
firmed by more tests. 

V. Discussion of results. 

The variation in the nature of the available polleJi and the delicate adjustjueiit 
of moisture are the causes, among other factors, of varying germinations in arti- 
ficial culture media. As pointed out by Brink, ^ the divergent results are not due 
entirely to the basic differences in the material but to the capricious nature of the 
pollen resulting in ‘‘ fluctuations of a minor sort which an imperfectly developed 


^ loc. ciL 
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technique fails to set forth in true perspective/* The conditions necessary to se- 
cure germination appear to be, (1) a suitable culture medium and the proper con- 
centration of its ingredients, (2) proper adjustment of moisture, (3) temperature, 
and (4) air. To these may be added the age of pollen according as it is dusted 
exactly at the time of dehiscence or at fixed intervals after that, the part of the arrow 
from which the pollen is taken, and the addition of necessary growth-promoting 
substances. 

In the course of the experiment fairly long tubes, about 2 mm. in length, have 
been met with and the length in proportion to the length of the stigma and the style 
is satisfactory. Two branched tubes (PI. XVIII, fig. d) from a single pollen grain are 
frequently met with and three branched tubes (PI. XVIII, figs, b and e) also occur. 
The total length of the pollen tube is consequently much greater. Along with 
Anthony and Harlan/ the writers find that the difficulties of germination do not 
disappear with a realization of the conditions necessary to secure growth and that 
it has not been possible to bring all the factors under control. 

It has been said that in the pollen which can be made to grow artificially, the 
growth is appreciably enhanced by the addition of fresh plant tissues and stigmatic 
decoctions. Brink^ obtained a regular increase in the growth of the pollen tubes by 
the addition of raw potato juice and sterile yeast to cucumis pollen. Both these 
substances and some others have not proved a success with sugarcane pollen and the 
finding out of the particular growth-promoting substance or substances and the 
definite chemical stimulus must, however, be left to further experiment. 

The fact that sugarcane pollen emits tubes in sugar agar medium which have 
been found to reach a maximum length of about 2 mm. raises the question whether 
the reserve material contained in the pollen grain (starch in the case of cane pollen) 
is sufficient to promote the growth to such an extent or whether the reserve material 
is supplemented by nutrient food from the culture medium. There is no doubt that 
starch is being utilised by the pollen tube for its growth as pollen grains staining 
dark blue with iodine before germination, give only light blue or yellow coloura- 
tion with iodine after the tubes have attained a sufficient length. Further, pollen 
grains that appear full of contents under the microscope before emission of tubes, 
become transparent and appear as if emptied partly or completely of their contents 
when the tubes are sufficiently long. That sugar agar medium plays an important 
part in the promotion of the growth of the pollen tube is supported by the observa- 
tions made on the pollen tubes produced without the aid of any external medium. 
Sugarcane pollen can be made to germinate to a fair extent by a careful regulation 
of moisture supply alone. A fair measure of success was obtained by the following 
methods : — 

(1) In a petri dish provided with a wet blotting or filter paper in the bottom, 
is placed a glass ring covered with a cover slip. After five minutes 


^ he, cit, 

cU, 




PLATE XVIII, 



T he above are photographs of camera Iccicla dra'AUigs under high ^jo’.ver. 
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the cover slip is removed and the pollen dusted on the side exposed 
to moisture and the cover slip replaced in the original position. 

(2) Pollen is dusted on a dry slide and a drop of water is placed by the side 
of the pollen grains. The whole is enclosed in a glass ring fixed to the 
slide with vaseline whose top is closed with a cover slip made air- 
tight with vaseline. 

The pollen tubes produced in either of the above method have, so far, never 
been found to grow beyond a length of 300 p. and are further comparatively thin. 
The thinness and shortness of the pollen tubes produced with the aid of moisture 
alone strongly suggests that the sugar agar medium either provides direct nutrition 
to the growing tube or affords a favourable ground for the formation and subsecjuent 
assimilation of substances that aid the growth. The fact that other sugars, viz.^ 
lactose, maltose, galactose, etc., did not prove fit media for germination, lends addi- 
tional support to the view that sucrose acts in some way as a specific stimulant for 
germination of sugarcane pollen and subsequent growth of the tubes. 

That the germination of cane pollen is not merely the effect of a balanced osmotic 
condition but the result of a response to a definite chemical stimulus in sucrose, 
seems a plausible explanation of tlie fact that solutions of maltose, lactose, dextrose, 
etc., isotonic in concentration with a 26 ]>er cent, solution of sugar do not give 
satisfactory germinations. Further, the foriiiation of tubes, though uncertain, 
under suitable conditions of moisture alone in the absence of any culture medium 
adds strength to the view that a balanced osmotic condition is not the only desidera- 
t uni to the germination of cane pollen. 

VI. Bummary. 

(1) Best gcrmiiiations were obtained in 26 per cent, sucrose jdus 6-7 ]>er cent, 
agar culture medium. The moist chamber adopted was a glass ring 7*5 mm. high 
and 17 mm. in diameter covered by a cover glass containing dusted pollen on the 
(uiltuj-e medium. Two or three di’ops of the same cultur(‘ medium at the bottom of 
t he chamber were found to be most suitable as a source, of moisture su]»ply . 

(2) Both thick and thin c^ine varieties together witli Java, Coimbatore and other 
seedlings were tried and the percentages of germinations obtained varied. A maxi- 
mum of 61 per cent, germination was obtained with M. 51111 — a seedling evolved 
at the station. 

(3) Germinations were obtained at temperatures ranging from 22 C. to 33"' C. 

(4) Cloudy weather w^as found to have no very harmful effect on the ultimate 
germinations. Pollen collected on a cloudy morning preceded by a cloudy and 
rainy night did give germinations. 

(5) Pollen of Saretha Desi, a thin cane variety, was found to retain its viability 
for two hours when exposed to atmospheric conditions in the laboratory and for one 
hour when exposed to free air in direct sunlight. 
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SELECTED ARTICLES 


CO-OPERATIVE DEMONSTRATION TRAINS.* 

Introductory. 

One of the greatest problems which has confronted India’s adnumstrators has 
been the imparting of education in scientific agricultui'e to her illiterate millions. 
In a country dependent for its existence and wealth upon its a^icultural resources 
the need for the instruction of those occupied in primary production in improved 
methods, is obvious and cannot be disi-egarded. Government, through its Im- 
perial and Provincial depai-tments of Agriculture, has paved the way to a solution 
of the problem and at numerous centres, agricultural farms have been set up and 
the results of improved methods in cattle breeding, dairying an ot er impor an 
branches, practically demonstrated. Agricultural shows and fairs are lield regular- 
ly in different parts of tlie country wheJeat much is done to enlighten the a^icul- 
turist visitors. Other methods of imjiarting knowledge have been introduced, but 

generally speaking, the full value of these measures to the fetatc has not eeno tain 

ed for the want of adecpiate publicity and propagandist ati ities. 

It is probable, therefore, that the two most recent innovations the Iravell- 
INO Cinemas’ and the ‘ Uemunstration Trains ’ initiated by the Ivailway De- 
partment of the Government of India and involvii^ active co-operation, with all 
its attendent advantages, between the departments lutei-ested, are destined to 
have the farthest reaching results in the broadcasting of agi-icultural science, ihe 
outstanding merits of these two forms of enlightenment are, firstly, that they coyer 
an unlimited area, thereby establishing contact with the masses iroug ou e 
length and breadth of India, and secondly they make their appeal through ocular 
demonstration accompanied by lectures, thus biinging lome t eii esson very 
vividly to the vast crowds of interested and eager spectators who congregate to see 

The Railway Board recently issued a iiieniorandum explaimiig in detail their 
activities in connexion with travelling cinemas as well as their h m pio uc ion po icy 
and in this note, therefore, it is proposed to deal only wit tie emous ra ion 
Trains. 

Object of demonstration trains. 

The principal object of the Demonstration Trains is to provide a soluticiu to 
t he problem referred to in the introductory note, namely, the grounebng of the 

♦Memorandum pi-epaml by the Chid PubUcity Officer, Railway Board. 

( iOJ ) 
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illiterate primary producer, in the knowledge that the cluality and quantity of his 
out[)ut can be markedly improved by the use of modern scientific methods. It 
has been felt too, that many of the valuable results attained by the department of 
Agriculture in the course of its researches have not been made sufficiently widely 
known owing to lack of i)ublicity for this pur])Ose. More especially, therefore, is 
an endeavour being made to demoiLstratc ])ractically the methods in farming, cattle 
breeding and dairying, tested and proved successful in this country by the depart- 
ment of Agriculture, whose procedure and results are made available to those inter- 
ested. 

Simultaneously and in a like manner, the trains provide an opportunity utilised 
to the best advantage for spreading information and j)ropaganda as well as practic.al 
demonstration in connexion witli Public Health, Veterinary Science and the work 
of the (loveiuiment Industries and Co-opcirativc Departments. All these are active- 
ly engaged in an endeavoui* to promote improvement in their respective spheres, 
but tlui scope of their utility is limited by their disability to acquaint the masses 
with their activities and achievements and thus encourage interest and emulation. 

Description of trains and cars. 

The first Demonstration Train in India was introduced on the DasteTii Bengal 
Kailway last year. It comprised seven bogie Demonstration cars and additional 
carriages either bogi(‘.s or four-wheel vehicles, to accommodate an officer- in- charge 
ot tile train, the attendant staff, the electric j)ower, a motor lorry and a motor- 
car. The Demonstrat ion (^ars originally cuuLsisted of 3rd class bogie carriages which 
were denuded of their ordinary intiTiial fittings and then suitably converted and 
fitted out for display and educational pur])oscs in accordance with tin*, requirements 
ol th(; particular department in whose service they were to be utilised. The de- 
partments of the Uoveniment of Bengal who cordially co-o)K*rated with the rail- 
way and shared in the expmiditnre involved in working the train which was based 
on actual cost were, the Agricultural, Veterinary, Public Health, Industries and 
Co-o[)erative departments and the Railway themselves provided publicity display, 
and an information biu'eau as well as light r(;fr<*shrnent and catering comyiartiueiits, 
the latter being managed by a contractor for the use of all t he demonstration staff 
in attendance on the train. The following particulars of the arrangements made 
and of the displays prov ided in the res]>ective cars on the train have been furnished 
by the Eastern Bengal authorities. 


Agricultural car. 

this Car was divided into two sections namely Sericulture and General. The 
exhibits included implements, samples of cereals, pulses, oil seeds, fibres, fodder 
and food stuffs for cattle : narcotics and drugs : typical soils of Bengal : manures 
and fertilisers : insect pests and fungus diseases of crops : insecticides and fungi- 
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cides : sprayers and fumigators and a model of an improved furnace for jaggery 
making. 

Veterinary car. 

A number of charts, pictorial and doggerel posters and i)liotograpli.s, etc., were 
displayed in this Car illustrating inter aha milk yield and av(5rage (juaiitity avail- 
Me for human consum])tion ])er liead jxt annum : [)aucity of pastoral land and 
nec<^ssity for growing fodd(ir crop : common causes of degeneration of cattle in 
Bengal with y)ractical reiriedy : common, contagious and inf tactions diseases and 
tlieir remedy : proper and imjnoper food for cattle : points of good catth‘, etc. 
(MIkt exhibits were a collection of dilT(*r<mt kinds of cattle fodder : poisonous and 
medical plants : pathological, biological and bacteriological specimens and instru- 
ments for Veterinary treatment. 


PUIJUC HEALTH. 

The Public Il^ialth Car contained intcTesting modcds showing Malaria — its sj)read 
and prevention : work of anti-malarial societies : cholera, enteric and otlnr water- 
borne disea, se how th(‘y sprea,d, and methods fol tlieir jrtiVention with special 
reference to anti-cholera vaccine : small-pox and its jrevent ion by vacciHation : 
child W(‘lfares trained and untrainexl dais: good and bad lying-in-room: Pood, — 
vitamin values of dilTereiit food stuffs : actual and recommended (beds. 

(V»lour(*,(i posters were displayed illustrating the causes, )>r(‘Vention and eure 
of malaria, cholera, small-jiox, tuberculosis, kala-azar and de})icting various 
aspects of child wtdfartc A ])ictorial repres(‘utation of the diets of dilferent nation- 
alities and tlieir eftV,et upon the human system was (‘xhihitirl. The posters alsf> 
included a series of h> gieiiic habits’’ pictures. 

Industries oar. 

This Car was divided into two sections — Weaving and Tanning -eacli occupy- 
ing half of the bogie carriage. The Weaving section was ri^ja esimted by a (Jovtrn- 
ment Weaving IiLstitute. Ih-actical dernonstrutions of inijiroved methods of spin- 
ning, weaving, dyeing and printing of textiles were given both inside the car and 
outside on the platform. In addition to improved looms, etc., various charts and 
the textile products of the Government Wearing School were exhibited. Cane 
work and the making of useful household articles, including mattresses, also thatch- 
ing, by utilising the common water hyacinth, were illustrated by actual demons- 
tration as well as by exhibits and pictures. The Tanning section was represented 
by the Bengal Tanning Institute, Calcutta. The exliibits consisted of various 
kinds of leather and manufactured leathiar goods made at the Government Institute : 
tanning materials : defective hides due to bad flaying and ill feeding : warble, holes 
goad marks : sore marks : skin diseases : vulture pecks : bad curing : thorn marks : 
branding marks ; and instruction charts showing how to get rid of these defects. 
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Co-operative oar. 

The Cat of this Department was fitted up as an Information Bureau for all co- 
ojxTative activities in the Presidency of Bengal. The activities, progress and 
achievements of the Department and the different kinds of Co-opetative Societies 
at work in the Province, were indicated by means of photographs, models, charts, 
graplis and redeemed bonds and other displays. Officials of the Department ex- 
plained the exhibits which were designed to show the benefit accruing from the 
application of co-operative principles in various directions such as improvement 
of the health of the people : improvement of cattle : organisation of ci‘edit : agri- 
culture : industries : production and sale : purchase and sale : sale and supply 
and lastly social work. Textiles and various otlier ])roducts of industrial Co-opera- 
tive Societies were also exhibited. The displays in this car were very artistically 
presented. 

Railway car. 

The Publicity Car provided a display of posters, literature, time tables and 
photograph albums. Inquiries and information were dealt with by two clerlcB 
who accompanied the train for this ]>urpose and those questions to which replies 
could not be furnished on tlie spot were registered for written replies to be given 
subsequently. 


General. 

The departments represented provided information and literature in the form 
of leaflets, books and photographs connected with various phases of their activities, 
and many cinema films, produced with the same object, were furnished by the 
respective departments including the railways, and were displayed by the Eastern 
Bengal Railway as an additional means of providing instruction to interested specta- 
tors. Several lecturers explained the various exhibits, answered questions and gave 
information to visitors. 


Itinerary. 

The train visited thirty stations in Bengal covering a distance of 1,262 miles, 
in doing so, its arrival at each halting point being preceded by a keen publicity 
campaign. The patronage accorded and the interest taken throughout the tour 
were all that could be desired and it was estimated that about 90,000 people fre- 
quented the train and 1,20,000 were present at the cinema and lecture meetings 
held in the evenings in the neighbourhood of the halting station. 

Result. 

As a result of this patronage, enquiries were registered in the various oars, the 
Agricultural Department receiving more than five hundred, as well as indents for 
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improved seeds and manures. Great interest was taken in the Industries exhibits 
by visitors, amongst whom were a number of college students. The veterinary 
display resulted in considerable contributions of money and land in various places 
for the establishment of local veterinary hospitals and dispensares. The tour, 
therefore, clearly demonstrated in a concrete manner that the train filled a definite 
need, and brought the various Government departments into direct touch with 
the people in whose interests they were working. 

Four demonstration trains troposed. 

As a direct result of this successful experiment, the Railway Board has decided 
to introduce a Co-operative Demonstration Train on all the four State Railways in 
the near future, and each railway administration in conjunction with the Local 
Governments concerned is now working towards this end. It is probable, in ord(*i.* 
to facilitate work and prevent overlap where two railways serve the same Province 
and avoid a double call on one Government’s pinse, that individual railways will 
restrict their toui’s to the ))ortion of their system lying within particular specified 
Provinces aild in this regard the programme under consideration is as shown be- 
low : — 


Railway. 


Province. 


Eastern Bengal. 

East Indian. 

North Western. 

(^roat Indian Peninsula. 


Bengal. 

Bihar & Orissa and United Provinces. 
Punjab and Sind. 

Bombay and Central Provinces. 


Modification to suit locad conditions. 

The trains will be organised more or less on the lines of that of the Eastern Bengal 
Railway hereinbefore described with modifications to suit the requirements or pecu- 
liarities of those Provinces which they will j)articularly sci^ e. \Mien the (‘.quip- 
ment of the cars by the departments represented has been comphited and an itinerary 
drawn up, the “ Travelling Exhibitions thus created, will leave tht*. headquarters 
of their respective administrations, on tours exttmding probabl}^ over a }>eriod of 
two months. Demonstrations will bo given at important centres ranging from 50 
to 100 miles apart and halts for this purpose will probably be of two or three days* 
duration in order that an opportunity and sufficient time may be given for those 
of the people, who are resident at some distance from the railway line, to visit 
the trains. 


Basis for charge — actual cost. 

It has been remarked elsewhere that the expenditure involved in running these 
trains is shared by the Local Government departments making use of them, 
but that the charge levied is based on the actual cost of working only. 
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Tlie Railway Departmont of the Government of India in introducing this 
departure does not desire to recover directly anything in excess of its work- 
ing expenditure for the reason that apart from the immense benefit which must 
accrue to tlie State from the encouragement of this enterprise, a well organised 
campaign is certain to result in increased traffic and earnings. 

Local Government co-operation. Success assitred. 

These proposals should materialise within the next few months and the keenest 
appreciation and closest co-operation is alreadj^ forthcoming from the Local Gov- 
ernnuint departments concerned. Tlie jrospccts of a most successful campaign 
tliroughout tlie vast area served by the State Railways directed towards ujilifting 
the masses and liuilding u}i the welfare and wealth of the individual and the State, 
seem, iluiTofore, assured. 



DK. VAN HARREVELDVS IMPREHSIONH ON CUBA. 


(Translatkd.) 

The ‘^Indian Memiry ” of the 29th June, 1927, ])nl)liHli(‘i] an interview with 
Mr. Ph. Van Harreveld telling of his impressions on Cuba, from which country he 
had just then returned. The impressions and ccmcJusions (J this world-famous 
sugar s})ecialist are so important that we translate them liereuiider w ej'letKso, 

Gkinuing. 

With regard to the milling work, Cul)a, in so far as (‘.apacity is concerned, is 
decidedly in advance of Java, but crushing tlier(J)y must, of course, suffer. The 
rollers are of the same dimension as in Java, mz., > 84", but w hert* in Java 
newly installed factories have oiui crusher and four rollers, and not long agr) the 
factory “ Beram ” set the example of putting a l)att(‘ry of five rolhrs behind one 
crusher, in (hd)a one can see many installations consisting of one crusher and seven 
rollers. There is, for instance, one Central grinding 70 million arol)as * (5ane (14 
million piculs) which in Java would require a planted area of 10,000 boinvs. The 
best installed mills in Java which can grind large quantities are ‘T)jatiroto“ having 
thrive batteries of grinders each of 25,000 piculs, “ Tjmal wfith one battery gi'ind- 
ing 28,000 piculs, and ** Tje])iring " also wdth one battery grinding 2r>,500 picuds 
in 24 honrs. In Cuba one battery grinds 48,000, 07,000, even 88,000 piculs in 24 
hours, and the Central Vertientes obtained a r(‘Cord of 92,000 ))iculs wit h one 
set of cutters, one crusher and seven rollers, which installation was trc^cted by 
Hoover, Owen and Rentschler of Hamilton, Ohio ; and in due, American style 
this acAJoniplishment is made w^orld-known on a board attacdied to one of the grinder 
standards bearing the inscription : — 

‘‘ World’s Record — 467,608 arobas.” 

One who has seen the amounts of ampas (cane refuse) in front of the boilers of 
a Java Sugar mill, and the many hard labouring coolies wlio have to till tlie even 
insatiable mouth of the fixes would be surprised to s(‘.e a photo of a Cuban boiler 
battery, as there everything is done automatically, and altliougli work is in full 
swing not a labourer is to be seen. The feeding is done quite auOomatically, and 
high chimneys such as serve the motorist in Java as landmarks totally absent 
in Cuba, because sufficient draught is derived from electric fans. The Babcock 
and Wilcox w^ater tube boiler has here in Cuba completely replaced the former fire 
tube boiler. Waggons of 20 to 30 tons take the cane to the inills. They are pushed 

a revolving base, and it needs only one man to manage the handle in order to 

CL ' ...ii.— I " -I..- ■ M l. ,, , ..-.. I. . — n — , 

98 7/10 arobaH = 1 ton. 

1 picul =130 lb. 

1 bou^ 1 = P74 (^ores or IJ acres approximately: 
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shoot out the cane which falls into a very deep cavity from where it is transported 
by a carrier to the grinders. In Java this same work requires an army of men. 
Very often a set of cutters automatically arranges the feeding and the carrier which 
transports only a certain requisite quantity. Where labour in Cuba is so much 
better paid than in Java, it needs no comment that labour-saving devices are ap- 
plied liberally. Cane discharging installations in Java, which are worked by elec- 
tricity and which require a special dynamo working day and night, a special over- 
seer and many coolies, cost a lot of money for installation, upkeep and deprecia- 
tion. Quite apart from the question of labour-saving, I think that a good deal 
of money could be saved in Java by applying the cheaper Cuban method. This 
method will need an incJ ease in rolling stock of a heavy type, and it will probably 
require fixed rails, but these expenses will certainly be less than those of the Java 
cane discharging installation. 

As in Australia, South Africa and formerly in Java, cane is planted in Cuba 
under contract, and the so-called “ colonos " (independent farmers) deliver their 
cane to the factory. Some of these colonos possess their own very extensive plant- 
ings and are really wealthy. Factories are owned by American and Cuban concei’ns, 
partially also by English and Spanish Companies, but American refiners can claim 
an important share. 

EsSAV STATION. 

The Cuban Sugar Club, founded on the 3rd May, 1922, publishes periodically 
during the campaign lists of milling and controlling, the same as is done in Java 
by the Pasoejroean Essay Station. In Java practically all the mills are associated 
with the Essay Station ; this, however, is not the case in Cuba. The total number 
of mills in Cuba amounts to 177, about the same number as the factories in Java, 
but producing 2 to 2| times as much sugar as in Java, which shows that the 
capacity of each mill in Cuba is at least double that of Java’s. Of these 177 mills 
only 85 (about 50%) are associated with the Sugar Club. The oldest Centrals are 
situated in AVest Cuba, and the soil there has been exhausted by predatory cultiva- 
tion. It is here that the cyclone of October 1926 has done the worst damage. It 
is estimated that by this cyclone 200,000 tons of sugar was lost owing to broken 
and beaten-down cane. Cane planting in East Cuba was only commenced during 
the war. As was the case with Djatiroto, Java, woods were cut and on the soil, 
which was very rich, cane was planted, and it grows there far better than in the 
West. 

In Cuba the cane is cut three to eight times to one sowing ; exceptionally ten 
to twelve cuts are made. Irrigation is totally lacking, and everything is done on 
the Tegallan (dry plantations) system. Everyone can imagine the calamity of 
long lasting drought during the rainy season, as plantings are then bound to be 
ruined. This means the cut which is then growing, because if during the next 
season rains come through well, the same cane grows again marvellously, and the 
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next crop compensates for everything, provided prices are good enough ; which 
proves that in a certain sense Cuba is a land of unlimited possibilities. Owing to 
the repeated cuts, the cane, generally speaking, is short, and the average length 
of the sticks which reach the mills is about 32". 

Restriction. 

Dr. Van Harreveld says that in Cuba sugar is the cork on which the whole 
island drifts. VTiat grain is to Canada, banks and hostelries to Switzerland, 
cattle to Latin America, and coffee to Brazil, so sugar is to Cuba, and it, there- 
toK*., need surprise nobody that at the present mcinent not a soul in Cuba has a 
good word to say of the ill-famed restriction. The expected result did not materia- 
lize, but this is perhaps more in appearance than in reality. Cuba had dreamt 
goldtm dreams of restriction, but they did not come true. Without restriction the 
situation would have been much worse still, because then also o^ving to the Suzuki 
debacle, very low sugar prices would have resulted, with bad consequences to 
Vwhii. If, in a time of over-j)roduction, unforeseen happenings, such as, for 
instiince. this big Japanese failure, occur, they take such tremendous proportions 
tliat a panic is unavoidable. Every unfavourable news item is then used as material 
lor the bears, and it then does not take much to see the bottom drop out of the 
market. 

If one considers that Cuba during 192(> produced 4,800 tons, that the cyclone 
damaged about 200,000 tons, and that during 1927 about one to one and a half 
million tons of sugar was hdt uncut on the fields, the 1927 crop could then have 
be(*ii, without cyclone and without restriction, six to six and a half million tons. 
If such a large quantity had been on the market for sale at the time of the Suzuki 
difficulties, crisis would have been a dead certainty, the consequences of wliich would 
liave been felt long aft(‘r, as prices can fall far more quickly than they can be re- 
adjusted, as we have seen during 1920-21. 

The Cuban trade is, therefore, unfair to blame President Machado for his 
Sugar Restriction Bill. Had he not signed it, things in Cuba might have been 
very bad indeed. It is difficult to guess what is going to happen in 1928. In Cuba^ 
everything depends on the weather and prognostics are, therefore, impossible. 
There certainly is a surplus in cane of 1| million tons of sugar, which remained 
on the fields and which can make its appe^ance during 1928. However, if the 
weather remains unfavourable, the 1928 crop may not be larger than during 1927, 
though, contrary to Java, cane does not deteriorate in Cuba by not cutting it, and 
this surplus of 1| million tons of sugar always remains a factor with which the 
sugar world has to count. 

^ Since this was writton, weather con iitions in Cuba have improved to such an extent that the 
crop is making a favourable growth (W. S.). 

[ The Cuban crop of 1928 has been restricted to 4,000,000 tons under the decree issued by the 
President of that republic. W. 8.] 




NOTES 


SELECTION OF BURMA BEANS FOR LOW HCN CONTENT. 

My attention has been drawn to an article in Tropical AgricuUurc, November 
1927, Vol. IV, No. 11, page 207, viz., “ Plant Breeding ” by J. B. Hutcihinson, B.A., 
in which data from my ])a})er “ Selection of Burma Beans for low IlC’N content” 
{Memoir of Department of Agriculture in India, Vliemical Series, Vol. IX, No, 1, 
192G) is criticised from the botanical })oint of view. 

It was known from the start, i.e., about 191(i that selection of Burma beans 
would most probably result in no improvement as regards MCN content. Orders 
were to the effect that this should be actually demonstrated by jmictical experi- 
ment failing other satisfac.tory proof. I took over the, work in J’ebruary 1921 
and merely caiTied out selection work from best individual plants to show that 
Phaseolus lunatus did not respond to selection for low IION content. This is 
not clearly stated in my Memoir of the. Department of Agriculture, in India, ('hem. 
Ser., Vol. IX, No, 1, but it was never thought pos.sil)le that the context of the 
memoir in question would have given rise to th(>, ithia that 1 belie.vod tliat a 
HCN — free variety would bo obtained by selectictn (otlufr than a. mutant). I 
may therefore quote tin; following to clear up the ])ositiou ; — 

(1) Annual report of the Agricultural Chemist, Burma, for the year ending 30th 

June, 19:. 3. 

Page 4. — "Although mueli work on the occurrence of cyanogenetic' glucosides 
in Phaseolus lutmkis, etc., has been done, an extensiv*! search has failed to show 
a published account of the results of the selection on IICN conCmt. At tin; jtresent 
time it cannot be stated that Burma beans r(isj)ond to selection for low HCN 
content. No sustained attempt seems to have been made and since the question 
seemed to be an open one, the author commenced this work as early as possible, 
m.,in 1921-22.” 

Had such a published account been available, and this is of course expecting 
the impossible, it would have been possible to have avoided carrying out a work 
which was regarded as hopeless from the start. 

{•;:?) Annual report of the Agricultural Chemist, Burma, for the year ending 30th 

June, 1 )! 4. 

Page 5 . — “ Prussic acid is a normal character in Phaseolus lunatus and even 
a mutant were found containing no HCN, this mutant would bo a b^n of 
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a quite new type and would not be a Phaseolus lunaius. Not the least hope 
now exists that sucli a imiiant will be found. ALrcady considerably more than 
3,(KK) individual plants have been examined and in every case IICN was found. 

Unfortunately, the annual reports do not secern to have the saine circulation as 
Memoirs of the Department of Agriculture in India, ^nd whereas all workers in 
India were i)robably quite well aware of the real object of the work, unfortunately 
this does not ap|)ear to b(i the case elsewhere. 

In brief, then, whiTeas it was from tin* start considered that IICN could not be 
eliminated from Burma beans by selection, the work had to l>e carried out to 
convince people without knowledge of plant breeding that selection within a pure 
line was fufih',. There was, of course, the chance of discovering a mutant. Had 
the advice of competent agidculturalists available been acetq^ted, the work would 
not have been undertaken. Hence, to undertake such a work at all, it was necciS- 
sary to assinmi that the imj)ossible was possible in order to give the work the fairest 
possible trial in practice. jJ. (hiAULTON.J 


PRODUCTION OF REHNED SUGAR FROM GUR IN INDIA IN 1926^27, 

I’hcjm*: were lif) coneerns in India in tin. year ID'JO-IjT ('apable. of refining gur 
or raw sugar by mo(l(‘rii methods. Out' of t hose, fiv(‘ did not work during t ln^ S(‘ason. 
l)«'t.ail(‘d iigures for th(‘ season Itt2(b27 are awaited frojii H fa(*tories whose com- 
bined output in 1^25- 2ti totalled:-- 

MauiidH 

Uar or raw simar inolteU ....... 85,S14 

Suira?’ rn.uir ... ..... 41,712 

ol>t a inefl . . . . .‘{S.!>"iJ 

Belurns have l>een received from 21 faetoruis. Eleven o\it of the factories 
that have submitted their returns are situated in tln‘ United lVo\iiiees. 7 in Bihar, 
2 in Madras and 1 in the runja b. 

It may be. stated here that in lb2f> 2t> nineteen factories submitted their returns, 
out of wdiieh 2 did not work this season while 3 more have not yet Vi jdied to our 
enquiry as reported abovee It will thus be seen that out of the 21 factories that 
have submitted their retuims for the season 192G-27, thirttieii are old ones and the 
remaining 8 undertook refining operations either for the first tinn^ or after discon- 
tinuing in the previous season. 

The figures of gur or raw^ sugar melted, sugar made and molasses obtained in the 
whole of India during the season I92G-27 are given below. The figures for the con- 
cerns in the United Provinces, Bihar, alid Madras and the Punjab are also given 
separately for the information of those interested 
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Total for the United Provinces. 



192()-27 

1925-26 


Maunds 

Maunds 

Our melted ........ 

18,62,314 

10,87,827 

Sugar made ........ 

8,93,652 

6,32,335 

Molasses obtained 


4,42,016 


Total for Bihar and Orissa. 


— 

1926-27 

1925-26 

Our molted ........ 

Mauiulp 

6,36,743 

Maunds : 

2,08,907 

Sugar made ....... 

3,23,639 

98,830 

Molasses obtained ....... 

2,50,iylS 

83,673 


Total for Madras and the Punjab. 


— 

1926-27 

1925-26 


Maunds 

Maunds 

Our or raw sugar melted ..... 

6,77,842 

7,15,194 

Sugar made ........ 

3,60,706 

4,10,255 

Molasses obtained ....... 

1,59,619 

2,16,796 


Grand total for India. 


, 

1926-27 

1926-26 







Maunds 

Maunds 

Our melted 

• 

• 


• 


30,66,890 

20,11,928 

Sugar made • 

• 


• 

• 

• • 

15,83,997 

10,47,420 

Molasses obtained . 

• 

• 

• 

• 

• 

11,78,031 

7,41,484 
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■ A note published in the AgricuUuralJourml of India, Yo\. XXllI, Part 1 (1928) 
gives the total (juantity of sugar produced by factories making sugar direct from 
cane for the two seasons 1926-27 and 1925-26 as follows : — 


Maunds Tons 

1926-27 17,16,426 or 62,941 

1925-26 14,45,061 or 52,990 


If tlie quantity of sugar refined from gur or raw sugar in India by modern 
processes during these seasons be added to the above figures, the total production 
will amount to 33,00,423 maunds or 121,028 tons in 1926-27 as compared witli 
24,92,481 maunds or 91,499 tons in 1925-26. 

A table is given below showing the production of sugar direct from cane and 
from refining gur or raw sugar during the last eight seasons. 


Prodmtion of sugar. 


— 

Direct from 
cano 

Re6nod from 
gur 

'rota! 


Maunds 

Maunds 

Maunds 

l(»ll)-20 

6.28,920 

12,11,274 

18,40,194 

1920-21 

6,69,291 

13,24,046 

19,93,937 

1921-22 

7,53,638 

13,03,433 

20,57,071 

1922-23 

6,51,415 

13,68,126 

20,19,541 

1923-24 

10,44,856 

I 

15,38,304 

25,83,160 

1924-25 

9,21,950 

9,16,121 

18,38,071 

1925-26 

14,45,061 

10,47,420 

24,92,481 

1026-27 

17,16,426 

1.5,83.997 

33,00,423 


It will be seen that the quantity of sugar refined fr*om gur in 1926-27 shows 
roughly an increase of 50 per cent, over the previous year. This is due to the fact 
that some of the factories making sugar direct fr-om cane also worked as refineries 
during the olBE season, with a view to reduce their silent ^overhead cliarges. The 
average price of refining gur in January 1927 \vas Rs. 5 per maund at Cawnpore, 
and the average price of Java white sugar and Indian factory made sugar from 
gur, viz., Cawnpore Special Sugar, in the same market was Rs. 13-14 and Rs. 13-1 
per maund. The margin then appeared sufficient to make gur refining profitable. 
But it so happened that the prices of sugar declined during the year and many of 
the refineries must have found this business hardly remunerative. 
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In conclusion, the writer wishes to express his obligations to the Managing 
Agents, Proprietors, and Managers of the various concerns for kindly furnishing 
the figures worked up in this note. [Wynne Sayer.] 

WORK OF THE GENETICS DEPARTMENT OF THE EMPIRE COTTON 
GROWING CORPORATION'S RESEARCH STATION IN TRINIDAD. 

We have received the following extract from the Secretary, Indian Central 
Cotton Committee, for publication : — 

Dr. S. C. Harland, the principal of the above, delivered a very informative 
address at the sixth Annual General Meeting of the Corporation. The lecturer 
was most particular in making every detail of his scientific subject clear in the 
ordinary language of the business man, and this exceptional fact undoubtedly 
contributed largely towards the appreciation with which the address was received. 
Dr. Harland said : 

“ Perhaps 1 had better begin by giving as clear a detinitftm as I can of what 
‘ genetics ’ is, and afterwards continue by telling you a little of what it has been 
possible to do with cotton. Genetics is the science which deals with hereditary 
factors both in plants and animals. The science is comparatively new. It is only 
within the last 30 years that we have got to know very much about it, but parti- 
cularly during the last fifteen years an enormous amount of information has been 
obtained about inheritance in [)lauts and animals ; and the facts which have been 
accumulated are proving of the very greatest importance in their relation to such 
things as improving the yi(;ld and fjuality of many crops. If you take the cotton 
plant you are face to face, first of all, with the fact that cotton exists in a tremend- 
ous nuiiiber of difierent varieties and specitis. »Some of these have never been under 
cultivation at all. Tliere is a sp(3cies which is found growing wild in Hawaii on the 
slopes of one of the volcanoes there which exists only as a group of sirattered j»lants 
occupying an area <»f ab<Hit JOO square yards. Then you have the wild cotton 
w^hicli comes from l olynesia, and the wild cotton which grows in some of 
the islands oft lower C'alifoiuiia, and you Jiave otluT types from mountains 
of Central India and Cpper Burma. There is a hug(‘, practically unexplored 
field of the species of Gossj/piffw that lias ne\’er yet, bcfui exploited. One 
of our first tasks was to get, together as complete a collection as possible of 
every species and vaiiety of cotton which exists, to grow" them all, and t> note 
accurately the characteristics which they displayed. The varieties of cotton w^hich 
are under cultivation at present are, in our view, only more or less chamce selections 
that people have made from a huge welter of different types, and w"e regard it as 
conceivable that among the unstudied forms in various parts of the world w.e may 
drop across something which is very much better from some jioints of view than 
the types now grown. That is, we regard it as a pity not to take advantage of the 
very wide variability existing in the genus Go.'inypiam to which cotton belongs. 
Much useful information has already been obtained. Many of you, probably all 
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of you, are aware of the fundamental difference which exists between the very 
short staple Indian cotton and the ordinary American cotton which is largely used 
in Lancashire. The Indian cotton is very short and coarse and can only be used 
for very low counts. But at the same time it is well known that Indian cotton is 
exceedingly hardy. It will grow where other cottons either will not grow at all 
or grow only with difficulty. There is a huge area in India known as the black 
cotton soil of India, wliich is so called not because the soil is good for growing cotton 
but simply because the soil is so bad that cotton is almost the only plant which 
is an economic crop. As I say, these very short staple types are most remarkably 
hardy. They will resist drought and insect pests, and we thought that if we could 
make a survey of the whole group we might come across something which, by selec- 
tion, could be improved and probably be brought up to the standard of the ordinary 
American cotton. If we could do that, we should probably be able to introduce 
this new type of cotton into areas where the ordinary American cotton will not 
grow. It is rather interesting that among the types we collected was one from 
Upper Burma, near Mandalay, that was grown by the natives of the Shan States. 
This cotton was regarded as a very line cotton, alt hough it existed in very small 
quantities. We got some of the seed, and we have found it retains its very long 
silky staple. The staple runs up to about 1 in., equal to ordinary long-staple 
Upland. We have crossed it with Chinese cotton known as the ‘ Million Dollar ^ 
cotton, which is a very high yielding type, and we have now got some new strains 
which we hope will be ready for testing two years hence, as soon as we got a 
sullicient quantity. We are very much impressed by the merits of these new 
cottons. It is })erfectly conceivable that all the American cotton which is grown 
in South and sub-tropical Africa will sooner or later be replaced by new types of 
long-staple Indian cotton, which are very much more drought-resisting than the 
American type, and stand up to a very wide variety of conditions. That is one 
kind of investigation which is being carried out. 

Then tliere is another j)oiut which may be Jiientioned. A good many of the 
cottons which have been grown are very susceptible to th(‘ attacks of certain insects 
and diseases. In the Sudan there is a disease calletl black-arm, wliich is a vej'y 
virulent disease which does a tremendous amount of damage, particularly to 
Egy{)tian cotton. It not only succeeds very often in killing the plant-, but also 
attacks the bolls and depreciates the quality of the staple. We have in 'Trinidad 
several types of cotton which are almost immune to this particular disease, and 
we are building up a collection of types immune to black-arm disease for distribu- 
tion in various parts of the world and for testing out in comparison with the types 
which are grown there. It is hoped that tliis will be a very profitable line of investi- 
gation. 

Then there is another point that may be emphasized. Although we were told 
when we first took up our work that we were not bound to undertake any work 
of immediate economic application, but were to find out as much as possible about 
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the cotton plant, we have in our own department taken up the point of view that 
there axe certain problems of urgent economic importance which we can tackle 
even with our present state of knowledge. One of our main problems is the 
question of neppy cotton, its cause, and, if possible, its cure. One of the chief 
complaints about certain typos of Empire cotton is that they are neppy, and the 
same complaint is made about certain types of Egyptian cotton. I believe Sakel 
cotton is very much more neppy than the old Joaimovitch cotton, wliich was 
remarkably good in that respect. We have been going into this question of nep, 
and have made the interesting discovery that there are certain Mendelian here- 
ditary factors which can cause the death of seeds inside the fruit or boll when the 
seeds are a quarter or half grown. Imagine a seed growing in a boll. The cotton 
attains its full length and begins to put on a certain amount of thickening ; it begins 
to ripen up. Then the seed dies. Of course, the cotton from those dead seeds is 
weak, is thin-walled, and when it is spun it causes neps. It gives a very great 
deal of trouble. We have established quite clearly that these seeds can be killed 
through the operation of certain hereditary factors, and that by selection we can 
reduce the proportion of dead seeds to an abnost infinitesimal amount. Some of 
the American-Egyptian cotton that we have tested gave up to 25 or *50 per cent, 
of dead seeds, and an examination of the cotton from those seeds showed that it 
was just of the character which would produce neps. By selection we have now 
got two or three types which show less than 4 per cent, of these dead seeds. Of 
course, you will realize that in a boll where you have between 20 and 30 and some- 
times up to 40 seeds there must be competition between those seeds for water for 
and for nutrients of various kinds, salts and sugars, and if the conditions under 
which the plants are growing create very stringent competition between the seeds, 
very often it will result in the death of some of them. The latter may be farther 
removed froju the source of nutrition than some of the others, and they may die 
from that cause. But undoubtedly one of the main causes of^nep can be removed 
by selection, and is due to distinct hereditary factors. 

In addition to the primary economic work, we have got together a collection 
now of nearly 400 difierent types of cotton. We have five assistants who have been 
trained in recording every possible measurable character of these varieties. A huge 
number of different crosses have been made between them, and the purely scien- 
tific work of investigating the mode of inheritance of many characters is being 
rapidly proceeded with. 

It is necessary to explain why work on such a thing as the colour of the flower 
or the coloui* of the pollen or other of these apparently unimportant characters is 
of value. It is a little difficult to explain, but it is of value, because very often 
an economic character such as the quality of the staple is linked or is inherited 
together with some unimportant structural feature. So by studying the inheri- 
tance of flower colour you may be able to get at the iriheritauce of some staple 
quality which is extraordinarily difficult to work out by itself ; that is, the colour 
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of the flower may be an index of some deep-seated pecularity of staple. We have 
found, for example, that in Sea Island cotton, the white-flowered forms always 
have very much coarser and shorter staple than the yellow flowered forms. Very 
often you can walk through a field and see white-flowered plants dotted about, 
and they are invariably borne on inferior plants. If we know the method of 
inheritance of the flower colour we are enabled very often to eliminate inferior 
plants in the crop before much flowering has taken place, thus preventing con- 
tamination of the whole crop with inferior types. 

As a second example, I mention the colour of the pollen. In American cotton 
the pollen is white ; in Sea Island and Egyptian cotton the pollen is yellow. We 
have found that the white pollen types almost invariably give a heavier yield than 
the yellow pollen types. The reason seems to be that the pollen colour is linked 
with or associated in some way with the number of divisions in the boll. There 
are various types of boll, some having three divisions, some four divisions and some 
live divisions. The whit(i pollen forms usually have four or five divisions and the 
yellow pollen forms usually have only three ; so that if you selected for white pollen 
plants out of some strains, you would be sslecting automatically for a great number 
of divisions in the boll. You will appreciate, therefore, from the two examples 
I have given, that work on apparently such unimportant things as the colour of the 
flower and of the pollen is not altogether wasted, because it is associated in a very 
deep and intimate way with the qualities that you want for special purposes.’’ 
[Extract from the 1 filer national Cotton Bulletin, Vol. V, 4 No. 20, July, 1927.] 


SULPHURIC ACID TREATMENT OF COTTON SEED. 

The Secretary, Indian Central Cotton Committee, lias sent the following 
extract for publication : — 

1C G. Archibald, Director of the Wellcome Tropical Research Laboratories, 
Khartoum, has published recently a report on the cfiect of the sulphuric acid treat- 
ment of cotton seed. 

In recent years, the sulphiu'ic acid treatment of cotton s(‘ed has been advocated 
as a preventive measure for certain diseases attacking cotton, notably the bacterial 
disease known as angular leaf spot, black arm, or boll rot, and the fungal disease 
known as anthranenose. 

Experiments were carried out to test the cfiect of sulphuric acid treatment on 
the germination of cotton seed. 

Seed treated in the proportion of 500 gnn. to 100 c. c. concentrated sulphuric 
acid, washed for 10 minutes in 2 litres of water, dried, and then sown, yielded 95 
per (icnt. germination. 

Seed treated in such a manner and stored for G months gave 92 per cent, 
germination. 

F 2 
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Seed treated with concentrated sulphuric acid for longer periods than one hour, 
or washed for longer periods than one hour after treatment, was adversely affected 
as regards germination. 

Field observations on treated and untreated seed showed germination and plant 
growth in favour of the former. 

Sulphuric acid treatment will not completely sterilize black arm infected seed, 
but appears beneficial because it delays the manifestations of the disease in the 
cotton plant. [ Extract from the International Cotton Bulletin, Vol. V, 4 No. 20, 
July, 1927.] 


BLACK ARM DISEASE OF COTTON. 

The Secretary, Indian Central Cotton Committee, his sent the following 
extract for publication - 

R. G. Archibald, Director of the Wellcome Tropical Research Laboratoric^s, 
Khartoum, has issued the results of his investigations in this disease, lie arrives 
at the following conclusions : — 

(1) Investigations have shown that, in black arm disease of cotton, the 

casual organism can be recovered from the tissues within the seed 
coat. 

(2) A technique is described for recovering the bacillus from the seed tissues. 

(3) The feeble resisting powers of the organism toward such adverse condi- 

tions as strong sunlight, desiccation, and high temperature render 
it unlikely that the outer coat of the seed, with its lint and fuz, 
harbours infection. 

(4) The bacillus can be recovered from apparently healthy tissues below 

the black arm lesions. 

(6) The seed appears to be the main source of infection. 

(6) The casual organism has not been found in soil or water, and 

the epidemiology of the diseases does not favour the hypothesis that 
the disease is insect borne. 

(7) No hosts other than the cotton plant have been found, 

(8) Seed sterilization by means of concentrated sulphuric acid has yielded 

disappointing results. A more effectual way of attacking the problem 
is to ascertain the factors that predispose to manifestations of infec- 
tion, and to raise a healthy type of plant capableol resisting as well 
as of throwing off infection when attacked [ Extract from the 
International Cotton Bulletin, Vol. V, 4 No. 20, July 1927.] 
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COTTON NOTES. 

Through the courtc-sy of the British Cotton Industry Research Association, the 
Secretary of the Indian Central Cotton Committee has sent the following abstracts 
for publication : — 

Cultivation of Acala cotton in California. 

The development of the one-variety community in the Coachella Valley of 
California from a mixed variety condition, and the procedure of establishing and 
maintaining a seed supply is described. [Z7 S. D, A. Bull, No. H07, 47 pp. 
fH. G. McKbever).] 


Cultivation of Egyptian cott’on. 

A rcvi^^w of the commercial history of the Egyptian crop, dealing with the origin 
and development of s(weral types and the danger of ‘‘ Hindi cotton. \lnt. Cotton 
Congress Rcpt., Egypt., 1927, pp. 82 ~ 88. Amin Yehia Pacha.] 

A review of th<j costs of production. \Int, Cotton Congress Kept,, Egypt., 1927, 
pp. 88 96. Victor Mosseri.] 

Cultivation of Maarat) cotton in Egypt. 

Paiticulars are given of the origin of Maarad cotton and the work done by the 
Royal Agricultural Society of Egypt to foster it. The crop this year should reach 
about 7,()()0 bales of 700 lb. {Int, Cotton Congress Rept., Egypt., 1927, p. 59 — 61. 
Victor Mosseri.] 

Effect of soil temperature on angular leaf-spot disease. 

The development of the bacterial disease of cotton caused by Pseudomonas 
walvacearum in the seedling stage is confined to a definite range of soil tempera- 
tin'c. At soil temperatures of 11 — IS'^C. infection is low and in the case of lightly 
infecited seed maybe missed. From 16 — 20'^C. infection is generally obtained, but 
is not usually serious if other environmental oomiitions are favourable for the 
growth of the seedling. From 21 — 26°C. infection is severe, from 26 — 28'^C, it again 
fades in intensity, above 28° C. little or no infection is obtained and at 3()°C. the 
plant is generally immune. Experimental evidence suggests that the regional 
distribution of the disease may be explained on these grounds. Some account 
is given of the internal changes associated with vjvrying temptTatures, and indirect 
support is given to Faulwetter’s work on the spread of the disease in the field by 
rain. [Ann, BoL, 1927, 41, 497—507. (R. E. Massey).] 

Cause op cotton wilt disease. 

The cotton wilt organism, Fusarium vasinfeetum, was isolated from strongly 
surface-sterilised cotton seed, indicating that the organism is at tim('s carried on 
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the inside of the seed coat. The pathogenicity of the organism was proved by 
inoculation experiments. Artificially inoculated seed carried the viable organism 
on the seed lint for at least five months. The wilt disease was introduced into wilt- 
free soil by means of artificially infected seed. It is recommended that badly 
infected fields be rejected as a source of seed for planting. [Jour, Agric, Res,^ 192*3, 
23, 387—393. (J. A. Elliott.)] 

Resistance to wilt of Egyptian cotton. 

The percentage of seedlings which wilted in soil heavily infected with Fusarium 
were Sak(d 96, Maarad about 80, Balls’s ‘‘ 310 ” 73, Assili 54, Abbassi 26, Afifi 
20, Pilion 13 ; Ashrnouni and Zagora were immune. [Int, Cotton Congress Reft,, 
Egypt., 1927, p. 42- 43. (Tewfik Effendi Fahmy.)] 

Summer irrigation on Pima Cotton. 

Experiments have been made to determine the effects of different frequencies of 
irrigation during the months of July and August on Pima cotton that had reached 
a normal early fruiting stage. It was determined that the different frequencies 
of irrigation did not cause any consistent significant difference in the growth of the 
plants, or in tlie yi(*lds. The experiment indicates the importance of giving more 
attention to the spring treatment of cotton, so as to have the plants in a normal 
fruiting condition when summer irrigation begins. [Jour, Agric, Research, 1923, 23, 
927—946. R. D. Martin and H. F. Loomis.] 

Genetics of cotton plant. 

The author outlines the work of the genetics department of the Trinidad cotton 
research station. A collection which has been made of species and varieties of 
cotton from all over the world includes Gossyjnum tomentosum, G, Stocksii, G. David- 
sonii, and G, Sturtii, wild cottons from Polynesia, India, Lower California, and 
Australia respectively. [Empire Cotton Growing Rev,, 1927, 4, 325 — 329. S. C. 
Harland.] 


Physiology of cotton plant. 

During the past year three problems, namely, the shedding of flower buds and 
young bolls, variations in form and development of the plants as result of climatic 
and other causes, and the condensation of sugar to form cellulose in the lint hair, 
thus thickening the hair into a definite fibre, have been considered in the physiology 
department of the Trinidad cotton research station. The results so far obtained 
are briefly summarised, but it is hoped shortly to publish a paper giving a full 
account of the work. [Empire Cotton Growing Rev,, 1927, 4, 330 — 336. T. G. 
Mason and E. J. Maskell.] 
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Development op raw cotton in U. S. A. (North Carolina), 

A report on cotton research in North Carolina. Storage of seed cotton from 
October, 2nd, 1925, to February 23rd 1926; did not change the weight, ash, or mois- 
ture content of the fibre, nor were the grade and staple influenced. A slight in- 
crease in strength was indicated, but when converted into yarn strength, the increase 
was very small. Other researches dealt with the inheritance of the fuzzy seed coat 
of cotton and its relation to lint production, hair distribution on the secdcoat of 
cotton, the relation of the percentage of undeveloped hairs to their position on the 
seed cotton, to the location of seeds in the lock, and to the location of bolls on the 
I lant, and efficient nitrogen carriers for cotton. {Expl. Sla. Rcc., 1927, 67 22S ; 
from iVor^A Carolina Sta. liepl., 1926, 14, 13, 21—28, C. B. Williams, R. Y. 
Winters, et, ah'] 


Description of Egyptian cottons. 

A series of notes on three varieties of lower Egypt, Domains Sakel,' 310,’ and 
Nahda, and two varii'ties of Uj>per l^gypt, Zagora Malaki and Aslimoimi Malaki. 
Domains vSak(‘l is the purest typfi of Sakid cotton existing in Egypt aT)d has bijcm 
develo])ed by selection from the original Sakel of the State Domains. The variety 
310 was produced by Balls and is an excellent spinning cotton. Nahda cotton is 
a d(‘rivative of the old Assili variety. Zagora Malaki is the best of the Zagora 
types and is superior to Ashmouni. It is the best cotton of Upper Egypt. 
Ashrnouni Malaki is the best of the Ashmouni varieties, it has a very high yield 
and is particularly suitable for the south of Upper Egypt. [Rev. Agric, Egyptienve, 
Special number, March, 1926, 74 — 76.] 


Thinning of cotton i lants. 

A preliminary account is given of experiments on the effect of time of thinning 
on the early development of the seedling during periods of water stress. [Empire 
Cotton Groimig Rev., 1927, 4, 344 — 361. F. S. Parsons.] 

Description of cotton fungus pest. 

An account is given of a species of Capnodium which in 1925 was found to cause 
brown specks on the under side of leaves and on the bolls of Sea Island, American, 
and Indian local {Desi) varieties of cotton grown in the Botanical Gardens of Lahore. 
On both organs the infection appeared to have originated in the nectar glands. 
The fungus is dangerous in that it lowers the vitality of the host and renders it 
susceptible to the attacks of other organisms. It also lowers the quality of the 
lint in the attacked bolls. [Rev. Appld. Mycoh, 1927, 6, 660 ; from Jour. Ind. 
Bat. Sci., 1927, 5, 141--186. A. Sawhnby,] 



Personal Notes^ Appointments and Transfers, 
Meetings and Conferences, etc. 

The Department of Education, Health and Lands notification dated the 12th 
November, 1927, placing the services of Mr. (1 S. ILmderson, Imperial Agricul- 
turist at the disposal of the Foreign and Political Depiirtinent with effect from the 
16th November, 1927, has been cancelled. 


Mb. J. E. Haddow, B.So., M.R.C.V.S., D.V.S.M., Third Veterinary Research 
Officer, Muktesar, has been granted leave on average pay for eight months with 
effect from the 23rd April, 1928, or any subsequent date from which he may avail 
himself of it. 


The Punjab Government (Ministry of Agriculture) have created with effect 
from the afternoon of the 12th January, 1928, a seventh Agricultural Circle in the 
Province, comprising the districts of Simla, Kangra, Hoshiarpur, Jullundar and 
Ludhiana, with Head quarters at Jullundar, 


Khan Bahadur Maulvi Fateh-ud-Din, I.A.S., Deputy Director of Agri- 
culture, Punjab, has been posted to the. Seventh (Jullundar) Circle, and appointed 
officer on special duty in connection with the improvement of the sugarcane crop 
and the promotion of sugar factories. He assumed charge of his duties at Lahore 
on the afternoon of the Pith January, 1928, on recall from leave granted to him. 


Sardar Santokh Singh, Superintendent, Cattle Farm, Nili Bar Colony, Punjab, 
has been appointed on probation for 2 years with efh^ctfrom 16th January, 1928, 
forenoon against a special temporary gazetted post and placed under training at 
the Government Cattle Farm, Hjwar. 


Shbikh Mahbub Ilahi has been appointed Second Agricultural Engineer tp 
Government, Punjab, Lyallpur, on probation for two years. 

( 224 ) 
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Mr. a. C. Edmonds, Deputy Director of Agriculture, I Circle, Madras Presi- 
dency, has been granted leave from 17th April, 1928, for .S months on average pay 
and in continuation thereof leave for 4 months on half average pay. 

R 


Dr. a. E. Parr, Deputy Director of Agriculture, Western Circle, Aligarh, has 
been granted leave on average pay for six months from 10th April, 1928. 


Mr, E, a. H. Churchil, B,SC. (Edin.), Assistant Director of Agriculture, 
Chindwara, Central Provinces, has been appointed to officiate as De])uty Director 
of Agriculture, Northern (-ircle, Jubbulpore, lice Mr. Ritchie, on othor duty. 


Mr. J. H. Ritchie, M.A., B.Sc., has been appointed Secretary, Indian Central 
Cotton Committee, Bombay, vice Mr. B. C. Burt, on other duty. 


Mr. G. (!. Sherrai), B.A. ,has resigned with effect from the 3rd February, 1928, 
his appointment in the Indian Agricultural Service. 


Dr. J. N. Sen, Bio-chemist at the Forest Research Institute, Dehra Dun, 
reverted to the Agricultural Departnumt with efferh from the afternoon of the 
31st March, J928. 


Mr. a, C. Dobbs, Director of Agriculture, Bihar and Oriasa, has been granted 
leave for one year, six months and 22 days, viz., leave on average pay for 8 months 
and on half average pay for the remaining period, with effect from the 12th April, 
1928. 


Mr, B. C. Burt, M.B.E., B.SC., I.A.S., has been appointed to act as Director 
of Agriculture, Bihar and Orissa, with effect from the 12th April, 1928, during the 
absence, on leave, of Mr. A* C. DoBB^. 




REVIEW 


The Patna College Chanakya Society has successfully completed the 18th year 
of its existence. During the period covered by its Fourteenth Annual Report 
(1926-27), the Society has continued to do fairly good work in the direction 
of studying the social and economic conditions of Bihar. Seven family budgets, 
two village surveys, two reports on co-operative societies, eight reports on indus- 
trial concerns and one co-operative survey, this last being a systematic and com- 
petent survey of co-operation in the Jamui Sub-division, were read before the 
society and discussed in its ordinary meetings. The Society also arranged for 
four expeditions to places of industrial importance in the province, to collect first- 
hand materials about industrial enterprise or decay. It can do much more than it 
has done. The Society expects now to widen the s(*opc, of its activities in the near 
future, and for this i)urpose wants to enlist the sympathy of enlightiuied public 
opinion and establish working connection with the Government departments of 
Bihar which are directly concerned with the economic life of the people. 
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NEW BOOKS 


On Agriculture and Allied Subjects. 

1. The Land of the Five Rivers, by Hugh Kenuedy Trevaskis, I.C.S. Oxford 

University Press. Price, Rs. 9. 

2. The folh)wing puldications have been issued l)y the Imperial Department of 

Agriculture in India since our last issue : — 

Memoirs. 

1. Fruit- rot disease of cultivated cucurbitaccic caused by Pf/fhiuni apjuufidcr- 

innfvtn (Eds.) Fitz., by M. Mitra, M.Sc., F.L.S., and L. S. Su})ramaniam, 
F.L.S. (Botanical Scries, Vol. XV, No. 3.) Price, As. 6 or 8d. 

2. Colour Inheritance in Rice, by S. K. Mitra, M.S., Ph.D., and S. N. Gupta and 

V. M. Ganguli. (Botanical Series, Vol. XV, No. 4.) Price, As. 0 or 8d. 

3. Aderina spp. from India, by Dr. Ruth Ryan ; Melloja sj)p. from India and one 

from Malay, by Prof. F. L. Stevens. (Botanical Series, Vol. XV, No. 5.) 
Price, As. 4 or 5d. 

4. A contribution to our knowledge of South Indian Braconidie. Part I. 

Vipionina^, by T. V. Ramakrishna Ayyar, B.A., Ph.D., F.Z.S. (Entomolo- 
gical Scries, Vol. X, No. 3.) Price, As. 14 or Ls*. 3(7. 

5. 31ie use of Hydrocyanic Acid Gas for the Fumigation of American Cotton on 

Import into India, by A. James Turner, M.A., B.Sc., and D. L. Sen, M.Sc. 
Tech., M.Sc., A.I.C. (Entomological Series, Vol. X, No. 5.) Price, Rs. 2 
or 3^. 9(7. 


Books. 

6. Some Diseases of Cattle in India : A handbook for stock-owners. Revised by 
J. T. Edwards, D.Sc. (London), M.R.C.V.S., Director, Imperial Institubi of 
Veterinary Research, Muktesar. Price, Re. 1-4 or 2.v, 
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List of Agricultural Publications in India from 1st 
August, 1927, to 31st January, 1928. 


No. 


Title 


Author 


Where publinhed 


GENERAL AGRICULTURE. 


1 

The Agricultural Journal of India^ 
Vol. XXII, Parts V and VI and 
Vol. XXIII, Part I. Price, Re. 
1-8 or 2s. per part. Annual 
subscription, Rs. 6 or 9^. 6d. 

Edited by the Agricultural 
Adviser to the Govern- 
ment of India. 

Government of India, 

1 Central Publication 

Branch, Calcutta. 

2 

The Journal of the Central Bureau 
for Animal Husbandry and 
Dairying in Indian Vol. I, 
Parts III and IV. Annual subs- 
, cription, Rs. 2-8, Single copy 
As. 10. 

Ditto. 

Ditto. 

3 

Scientiho Reports of the Agricul- 
tural Research Institute, Pusa, 
(including the Reports of the 
Imperial Dairy Expert, Physio- 
logical Chemist, Government 
Sugarcane Expert and Secre- 
tary, Sugar Bureau) for the year 
1926-27. Price, Re. 1-14 or 3s. 
3d. 

Issued by the Agricultural 
Research Institute, Pusa. 

Ditto. 

4 

How to use crab traps in paddy 
fields. Madras Department of 
Agriculture leaflet No. 47. 

R. Venkatraman, Assistant 
Paddy Specialist. 

G o V r n rn e n t Press, 
Madras. 

6 

A note on the Anakapalle Experi- 
ment Station, Vizagapatam dis- 
trict. Madras Department of 
Agriculture Leaflet No. 48. 

Issued by the Department 
of Agriculture, Matlras. 

Ditto. 

6 

Note to assist identification of 
Karunganni and Uppam Cot- 
tons. Madras Department of 
Agriculture Leaflet No. 49. 

Ditto. 

Ditto. 

7 

1 

History of certain crops from sow- 
ing to liarvest and describing 
their vicissitudes under adverse 
seasonal conditions. Madras 
Department of Agriculture Bul- 
letin No. 88. 

Ditto, 

Ditto. 

8 

Villagers* Calendar, 1928 . 

Ditto. 

Ditto. 
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No. 

Title 

Author 

Where published 


General Agriculture — contd. 


9 

Sugarcane mills and small power 
orushcra in the llombay Presi- 
dency. Bombay Department of 
Agriculture Bulletin No. 139 of 
1927. Price, 0-6-6. 

Rao Bahadur P. C. Patil . 

Yeravda Prison Press, 
Yeravda. 

10 

Tobacco cultivation in the South- 
ern Maratha country. Bombay 
Department of Agrioultxire Bul- 
letin No. 140 of 1927. Price, 
As. 3. 

S. S. Salimath. 

Ditto. 

11 

Trees and Shrubs for producing 
green manure in the Konkan 
and North Kanara. Bombay 
Department of Agriculture Bul- 
letin No. 141 of 1927. Price, 
As. 3. 

V. a. Gokhalo and V. 8. 
Uabbu. 

Ditto. 

12 

Dry Panning methods in the 
Dc(!can. Bombay Ih^partmcnt 
of Agriculture Bulletin No. 142 
of 1927. Price, 0-0-9. 

V. A. Tamhane, N. V. Ka- 
nitkar and G. M. Bapat 

Ditto. 

13 

Exj)erimontH on Cotton manuring 
in Khandesh. Bombay Depart- 
ment of Agriculture Bulletin 
No. 143 of 1927. Price, 0-1-3. 

K. M. Pawar and N. G. 
Apte. 

Ditto. 

14 

The origin, plan and progress of 
the Sakrand Agricultural lie- 
search Station, Sind. Bombay 
Department of Agriculture Bul- 
letin No. 145 of 1927. Price, 
0-4-3. 

Dr. Harold H. Mann. 

Ditto. 

15 

liice. Bengal Department of 
Agriculture l.<tMihct No, 2 of 
1927 (in English and Bengali). 

H. S. Pinlew, B. Sc., 
Director <jf Agriculture, 
Bengal. 

Sreenath Pn‘ss, Daocii 

10 

Cultivation of Potatoes. Bengal 
Department of Agriculture Leaf- 
let No. 3 of 1927. 

Ditto. 

Ditto. 

17 

The Cultivation of Sugaroane. 
Bengal Department of Agricul- 
ture lx)afiot No. 4 of 1927. 

Ditto. 

Ditto. 

18 

The Cultivation of Country To- 
bacco (in English and Bengali). 
Bengal Department of Agricul- 
ture Leaflet No. 6 of 1927. 

Ditto. 

Ditto. 

19 

The Manufacture of Our from 
Sugaroane. Bengal Depart- 
ment of Agriculture Leaflet No. 
6 of 1927. 

Ditto. 

Ditto. 
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No. 

Title 

Author 

Whore published 


General Agriculture — contd. 


1>0 

A Japanose Millet : a fodder crop. 
Bengal Department of Agricul- 
ture L<eaflet No. 7 of 1927. 

R. S. Fiiiluw, B.Sc., 
Director of Agriculture, 
Bengal. 

Srccnath Press, Dacca. 

21 

Annual Report of the Dojiartment 
of Agriculture, Bihar and Orisya 
for 1926-27. 

Issued by the Dci)artmcnt 
of Agriculture, Bihar and 
Drissa. 

Government Printing, 

Bihar and Orissa, Gul- 
zarbagh. 

22 

Agricultural Statistics of the De- 
partment of Agriculture, Bihar 
and Orissa, for 1926-27. 

Ditto. 

Ditto. 

23 

Comments on the return of expen- 
diture on the Provincial and 
District Cardens in the Central 
Provinces and Berar for the year 
ending 31st March, 1927. Price, 
As. 7. 

E. J. Idynicn, l>irector of 
Agriculture, Central Pro- 
vinces. 

Covtuiuticnt Press, Nag- 
pur. 

24 

The Cultivation of Groundnut. 
Central Provinces Department 
of Agriculture Bulletin No. 22, 
Price, As. 2. 

W. Younginan amJ 1). L. 
Janoria. 

Ditto. 

25 

Annual Keport on the Adminis- 
tration of the Dc})artincnt of 
Agriculture, United Provinces, 
for the year ending 3Uth June, 
1927. 

Issu ed by the Dcpartineni 
of Agriculture, United 
Provinces. 

Government Press, Alla- 
habad. 

26 

Keport on the Agricultural Sta- 
tions of Central Circle, Cawn- 
pore, United Provinces, for the 
year ending 30th June, 1927. 

Ditto. 

Ditto. 

27 

Xteport on the Agricultural Sta- 
tions of Western Circle, United 
Provinces, for the year ending 
30th June, 1927. 

Ditto. 

Ditto. 

28 

Combined Keport on the Experi- 
mental Stations in the Ejisteni 
Circle, Partabgarh, United Pro- 
vinces, for the year ending Jlst 
May, 1927. 

Ditto. 

Ditto. 

29 

Report on the Agricnltural Sta- 
tions of the North-Eastern Cir- 
cle, United Provinces, for the 
yiwir ending 30th June, 1927. 

Ditto. 

Ditto. 

30 

Kei>ort on the Agricultural Sta- 
tions in the Kohilkhand Circle, 
Shahjahanpur, United Provin- 
ces, for the year ending 30th 
June, 1927. 

I 

Ditto. 

1 

1 

Ditto. 
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No. 

Title 

Author 

Where published 


General Agriculture — c;oiitd. 


31 

Koport un the A^^ricultural Sta- 
tions in the liundelkhaud Cir- 
cle, .Ihansi, United Provinces, 
for the year ending 30th June, 
1927. 

IsAUod by the Dej[>artinent 
of Agriculture, United 
Piovinees. 

Government press, Allaha- 
bad. 

32 

Report on the Working and Ad- 
miniatration of the United Pro- 
vinces Covermnent Gardens for 
the year ending 30th J une, 1927. 

Ditto. 

Ditto. 

33 i 

Report on the Operations of the | 
Department t)f Agriculture, 
Rurina, for the year ending i 
30th June, J927. 

Issued hy the l>ej)artnient 
of Agriculture, Burma. 

G 0 VC rn m e n t Printing, 

Burma, Rangoon. 

34 

Annual Report of the Yawnghwe 
(Soutli Shan States) Agricul- 
tural Station, Burma, for the 
year ended 30th June, 1927, 

Ditto. 

Ditto. 

35 

Annual Report of the Myaungmya 
Agrictiltural Station, flurma, for 
the year ended 30th June, 1927. 

Ditto. 

Ditto. 

30 

Annual Report of the Pyinrnana 
Agricultural Station, Burma, 
for the year ended 30th June, 
1927. 1 

Ditto. 

Ditto. 

37 

Annual Report of the Allanmyo 
Agricultural Station, Burma, 
for the Year ended 30th Juno, 
1927. 

Ditto. 

Ditto. 

38 

Ann ual Report of the Taikon 
Agricultural Station, Burma, 

1 for ttie year ended 30th June, 
1927. 

Ditto. 

Ditto. 

39 

Annual Report of the Mandalay 
Agricultural Station, Burma, 
for the year ended 30th June, 
1927. 

Ditto. 

Ditto. 

40 

Annual Report of the Pwinbyu 
Agricultural Station, Burma, 
for the year ended 30th June, 
1927. 

Ditto, 

Ditto. 

41 

Annual Rei>ort of the Mudon Agri- 
cultural Station, Burma, for 
the year ended 30th June, 1927. 

Ditto. 

Ditto 

42 

Annual Report of the Padu Agri- 
cultural Station, Burma, for 
the year ended 30th June, 1927. 

Ditto. 

Ditto. 
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No. 

Title 

Author 

Where published 


General Agricvlture — contd. 


43 

Anaual Roport of thts Mahlaing 
Agricultural Station, Burma, 
for tbo year ended 30th June, 
1927. 

Issued by the Department 
of Agriculture, Burma 

Government Printing, 

Burma, Rangoon. 

44 

Annual Report of the Akyab and 
Kyaukpyu Agricultural Station, 
Burma, for the year ended 30th 
Ju^e, 1927. 

Ditto. 

Ditto. 

45 

Annual Report of the Sa-aing 
(Thayetmyo District) Agricul- 
tural Station, Burma, for the 
year ended 30th June, 1927. 

Ditto. 

Ditto. 

46 

Annual Report of the Hmawbi 
Agricultural Station, Burma, 
for the year ended 30th Juno, 
1927. 

Ditto. 

Ditto. 

47 

Annual Rejiort of the Mycologist, 
Burma, for the year ended 30th 
June, 1927. 

Ditto. 

Ditto 

48 

Annual Report of the Entomolo- 
gist, Burma, for the year ended 
30th June, 1927. 

Ditto. 

Ditto. 

49 

Annual Report of the Agricultural 
Chemist, Burma, for the year 
ended 30th June, 1927. 

Ditto. 

Ditto. 

50 

Annual Report of the Economic 
‘Botanist, Burma, for the year 
ended 30th June, 1927. 

[ Ditto. 

Ditto. 

51 

Annual Repot of the Agricultural 
Engineer, Burma, for the year 
ended 30th June, 1927. 

Ditto. 

Ditto* 

52 

Annual Report of the Principal, 
Agricultural College, Burma, 
for the year ended 30th June, 
1927. 

Ditto. 

Ditto. 

53 

Guide to the Punjab Agricultural 
College and Research Institute, 
Lyallpur. 

Issued by the Department 
of Agriculture, Punjab, 
l^ahore. 

Government Printing, 

Punjab, Lahore. 

54 

Report on the Lawrence Gardens, 
Lahore, for the year 1926-27. 

Ditto. 

Ditto* 

55 

Seasonal notes for October, 1927 . 

Ditto. 

Ditto. 

56 

Seasonal and Crop Report of the 
Punjab for the year 1926-27. 

Ditto. 

Ditto. 
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1 

No. j 

Title 

Author 

Where published 


(hripral Agricvliitre— con t d . 


67 

Tablet* of Agricultural SlatiKtics 
of the Punjab for tiic year 
1020-27. 

Issued by the Department 
of Agriculture, Punjab, 
Laliore. 

Government Printing, 

Punjab, Lahore. 

68 

The Feeding of Adult Poultry. 
Punjab Department of Agri- 
culture Leaflet No. 47. 

Ditto. 

Ditto. 

69 

Poidtry Hoii.-^cs and UunH. Ihin- 
jab I>epaitr7i(int of Agritudture 
l^eaflet No. 48. 

Ditto. 

Ditto. 

1 

00 

How to feed oow« in milk. Pun- 
jab Dcjiartment of Agriculture 
Uuflct No. 49. 

Ditt«>. 

Ditto. 

(>t 

Poultry keeping for Punjab I'ar- 
mera. Punjab Department of 
Agriculture Lciaflet No. 52. 

Ditto. 

Ditto 

02 

How to begin jioultry keeping. 
Punjab Department of Agri- 
culture Leaflet No. 3. 

Ditto. 

Ditto. 

03 

Uinta f)n the sowing of T<yria. 
Punjab Depart. nuud n{ Agri- 
cultt\re lj<‘atlet No. 51. 

Ditto. 

Ditto. 

04 

1 

The Journul o/ thp Mijnorp Agri- 
cultural and Exptrimf nlal Union 
(Quarterly). Annual Subaerip- 
tion Rs. 3. 

MysoT ‘0 Agricultural Ex{>e- 
rimental Union, 

Bangalore Press, Banga- 
lore. 

05 

The Journal of the Madras Agricul- 
tural Students' Union (.Monthly). 
Annual Subscription Rs. 4 ; 
Single copy As. 0. 

Madras Agricultural Stu- 
dents’ Union. 

Die Electric Printing 
Works, Coimbatore. 

00 

The Planters Chronicle (Weekly) . 

United Planters’ Associa- 
tion of South India. 

Diocesan Press, P. B. 466, 
Madras. 

07 

j 

The Nagpur Agricultural College 
Magazine (Quarterly). Annual 
Subscription Rs. 3. 

R. A. Pvamayya and H. R. 
Ekbote, Eilitors. 

I51yama Desha Sevak 
Pn*.sa, Nagpur. 

08 

Poona Agricultural (JoUe^e Maga- 
zine (Quarterly), Annual Subs- 
cription Hs. 2-8 ; Single copy. 
Aa. 10. 

Collego Magazine (dmmit- 
tee, Poona. 

Agricultural College, 

I*oona. 

09 

The Old Boys' Magazine^ Agricul- 
tural College t Catvnpore. (Quar- 
terly). Price As. 8 per coj>y ; 
Annual Subscription Ks. 2. 

M. L. Saksena, L. Ag., 
Edit-or. 

Cawnpore Printing Press. 


o 
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No. j 

Title 

Author 

Whore published 


General Agriculture — conoid. 


70 

The AllahcUfod Farmer (Quarterly). 
Single copy As. 8 ].)er year Rs. 2. 

W. B. Hayes, E. W. Jeremy 

J. N. Shivpuri. 

The Mission Press, Alla* 
habad. 

71 

The Bengal Agricultural Journal 
(Quarterly) (In English and 
Bengali). Annual Subscription 
Re. 1 -4. Single coiiy As. 5. 

Issued by the Department 
of Agriculture, Bengal. 

Sreennth Press, Dacca. 

72 

Quarterly Journal of the Indian 
Tea Afisociaiion, Price As. 0 
per copy. 

Scientific Department of 
the Indian 'Tea Associa- 
tion, Calcutta. 

Catholic Orphan Press, 
Calcutta. 

73 

Indian Scientific Agriculturist 
(Monthly). Annual Subscri])- 
tion Rs. 4. 

H. 0. Sturgess, Editor 
J. W. Mckay, A.R.C.Sc., 
N.D.A., Consulting Editor. 

Calcutta (Jiromotypc Co , 
52-53, Bowbazar Street, 
Calcutta. 

74 

Rural India (Monthly). Single 
copy Ah. 6 . Annual Subscrij)- 
1 tion Ks. 3. 

A. Swaminatha Ayyar 

IVesident, Forest Pancha- 
yet Banking Union, 
Madras. 


AGRICULTURAL CHEMISTRY. 


75 ' 

Experiments on the Feeding of 
Sorghum sihigt; and concentrate 
of S<dndi calv<5H. Memoirs of 
the Departnuuit of Agriculture 
in India, Chemical Scries, Vol. 
IX, No. 5. Price As. 9 or lOd. 

F. J. Warth, M.Sc., Physio- 
logical (Jiemist, ImiKTial 
Department of Agriiuil- 
ture and Shri Kant 
Misra. 

Government of India, 
Central Publication 

Branch, ('alcutta. 

70 

The Mechanical Analysis of Tro- 
pical Soils. Pusa Agricultural 
Research Institute Bulletin No. 
172. Price As. 3 or 4d. i 

J. Charlton, M.Sc., F.I.Cl, 
Agricultural Chemist, 

Burma. 

Ditto. 



BOTANY. 


77 

The Kolamba Rice of the North 
Konakan and its Improvement 
by Selection. Memoirs of the 
Department of Agriculture in 
India, Botanical Series, Vol. 
XIV, No. 7. Price Rs. 1-4 or 

R. K. Bhide, Crop Botanist 
to Government of Bom- 
bay, Poona and S. G. 
Bhalcrao, B. Ag., Super- 
intendent, Rice Breed- 
ing Station, Karjat. 

Ditto. 

78 

Pennisetum typhoideum : Studies 
on the Bajri crop : 1 The Mor- 
j)hology of P. typhoideum. Me- 
moirs of the Department of 
Agricultue in India, Botanical 
Series. Vol. XIV, No. 8. Price 
As. 12 or D. 3/i. 

S. V. Godbolp, M.Sc., 
B. Ag. 

Ditto. 
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Author 




Where published 


79 


80 


81 


Botany — coiitd 


Studies in KJiandesh Cotton, 
Part L Memoirs of the Depart- 
ment of Agriculture in India, 
Botanical Series, Vol. XV, 
No. 1. Price He. 1-4 or 2«, Hd. 

Colour Inheritance in Kice. Me- 
moirs of the Department of 
Agriculture in India, Botanical 
Series, Vol. XV, No. 4. Price 
As. 0 or 8d. 

The Improvement of Indian 
Wheat. (A brief suraiiiary of 
the investigations carried out at 
Pusa from 1905 to 1924 includ- 
ing an account of the new Pusa 
hybrids). Pusa Agricultural 
Hc.sear(‘h Institute Bulletin No. 
171. Price As, 8 or KW. 


S. H- Prayag, M. Ag., ( uttori 
Breeder, Khandesli. 


S. K. xMitra, Ph.D., 

Economic Botanist to 
Government of A.ssam. 


Albert Howard, C.l.E., 
M.A., Director of the 
Institute of Plant Indus- 
try. Indore, and Agricul- 
tural Adviser to States in 
Central India (foruieiiy 
lm[>erial Economic Bota- 
nist, A.B.I., Pusa.) 


Government of India, 
Central Publication 
Branch, Calc\itta. 


Ditto. 


Ditto. 


MYCOLOGY. 


82 


Fruit-rot disease of cultivated 
cucurbitaceae caused by Py- 
thiurn aphanidermaium (Eds.) 
Fitz. Memoirs of the Depart- 
ment of Agriculture in India, 
Botanical Series, Vol. X\‘, No. 
3. Price, As. 6 or Sd. 


M. Mitra, M.Sc., F.L.S., 
First Assistant to tlie 
Imperial Mycologist and 
L- iS. Subramaniam, 
F. L. S. Assistant to the 
Imperial Mycologist. 


Government of India, 
Central Publication 
Branch, Calcutta. 


83 8pp. from India . 


Mdiola spp. from India and one 
from Malay. 

Memoirs of the Department of 
Agriculture in India, Botanical 
Series, Vol. XV, No. 5. Price, 
As. 4 or od. 

84 The loose smut of wheat. Punjab 
Department of Agriculture 
Leaflet No. 48. 


Dr. Duth Ryan, Rosary 
College , Rive r K orest , 
Illiuois, U.S.A. 

Prof. F. L. Stevens, 
Crbana, lllincis, U.S.A. 


Issued by the Department 
of Agriculture, Punjab. 


Ditto. 


Ditto 


Government Printing, 
Punjab, Lahore. 


85 


ENTOMOLOGY. 


Four New Indian Gall Midges. 

The Citrus Psylla {Diaphorina 
ciirt, Kuw) (Psyllidae : Homop- 
tera). Memoirs of the Depart- 
ment of Agriouiture in India, 
Entomological Series, Vol. X, 
Nob. 1 and 2. Price, Re. 1-2 
or 2d, 


E. P. Felt, D.Sc.. State | 
Entomologist, New ’i'ork. 

Mohammad Afzal Husain, 
M.Sc*, M.A., Offg. Impe- 
rial Entomologist, Pusa, 
and Dina Nath, L. Ag., 
B.Sc., Assistant Entomo- 
logical Section, Depart, 
ment of Agriculture, 
Punjab; 


Government of India, 
( eiitral Pu blication 
Branch, Calcutta. 


H 
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Entomology — oontd . 

B6 The use of Hydrocyanic Acid Gas A. James Turner, M.A., Gk>vernment of India, 
for the Fumigation of American B.Sc., Director, Techno- Central Fublioation 
Cotton on Import into India logical Laboratory, Branch, Calcutta. 

(Experiments on its lethal power Indian Central Cotton 

for the Mexican Boll-weevil Committee, Bombay, and 

(Anthonomus grandis) and for D. L. Sen, M.Sc. Tech., 

the grain weevil {Siiophilus M.Sc., A.I.C. 

oryzae) on the extent to which 
it is absorbed by cotton and 
jute respectively and on a prac- 
tical method for satisfactory 
fumigation on a large scale. 

Price, Rs. 2 or 3^. 9d. 

SI Catalogue of Indian Insecte. Part Mercia Heyncs-Wood,B. A., Ditto. 

13. Cicindelidae. Price, Rs. 2-8 and Cedric Dover, F.E.S. 
or 4^. Qd. 

88 Catalogue of Indian Insects, Part R. Senior- White, F.E.S., Ditto. 

15. Cecidomyidae. Price, As. F.R.S.T.M. & H., Mala- 

7 or 9d. riologist, Bengal Nagpur 

Railway. 

89 List of Publications on Indian Compiled by the Offg. Im- Ditto. 

Entomology, 1926. Pusa Agri- perial Entomologist and 

cultural Research Institute, the Imperial Entomolo- 

Bulletin No. 168. Price, As. 10 gist, 

or Is. 

W Injurious Field rats of Lower Sind P. V. Wagle and Khan Ba- Yeravda Prison Press, 

and their extermination. Bom- hadur Gul Mohommed. Yeravda. 

bay Department of Agriculture, 

Bulletin No. 138 of 1927. Price, 

Rs, 7-6. 

B1 Grey Weevil of Cotton Seedlings. Issued by the Department Government Printing, 

Punjab Department of Agricul- of Agriculture, Punjab, Punjab, Lahore, 

ture, Iieaflet No. 60. Lahore. 


bacteriolcx;y. 

02 A Bacterial Soft Root of Garden C. S. Ram Ayyar, B.A., Government of India, 
Poppy. Memoirs of the Depart- First Assistant to the Central Publication 

ment of Agriculture in India, Imperial Agricultural Branch, Calcutta. 

Bacteriological Series, Vol. II, Bacteriologist, Pusa. 

No. 2. Price, As. 5 or 6^. 

93 Seasonal Variations in the Germ J. H. Walton, M.A., M.Sc., Ditto. 

Content of Milk at Pusa. Pusa Imperial Agricultural 

Agricultural Research Institute, Bacteriologist. 

Bulletin No. 170. Price, As. 6 
or 
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VETERINARY. 


94 

Some Diseases of Cattle in India. 
(A handbook for Stock owners) 
Ke vised 1927. 

J. T. Edwards, D.Sc. 
(Lond.), M.R.aV.S., Dir- 
ector, Imperial Institute 
of Veterinary Research, 
Muktesar. 

Government of India, 
Central Publication 

Branch, Calcutta. 

m 

Studies in Bovine Lymphangitis. 
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A FURTHER NOTE ON THE MOSAIC DISEASE OF SUGARCANE. 

BY 

W. McRAE, M,A., D.Sc., F.L.S., 

Imperial Mycologist 

AND 

L.S.SUBRAMANIAM,F.L.S., 

Assistant to the Imperial Mycologist. 


The mottling of mosaic disease on the leaves in the thin canes of Northern 
India, described in a previous note\ is fairly well illustrated in Plates XIX to XXI 
of the present article. It is best seen during the active growing period of the cane, 
for when the cane has reached its full height, the mottling has become less 
distinct on the older leaves and is clear only on the young leaves. As the cane 
reaches maturity the mottling is usually still visible, but it may in some cases 
almost entirely disappear, though sets from such canes reproduce the disease in the 
next crop. The illustrations show the mottling in various stages on Co. 213, Co. 
205, Co. 303 and Hemja and are clear cases. On narrower leaved canes, however, 
like Co. 270, Co. 275 and Co. 206, the mottling is not usually so distinct. 

When we were in Coimbatore recently the Government Mycologist showed us 
mosaic symptoms on the stems of Red Mauritius and Java Hebbal. This is the 
first time they have been noted in India and they consist of loss of colour in long 
blotches (3 inches by J inch is about the longest), death of the tissue immediately 
below the blotch, shrinking of the blotched area, shrinking of the diameter of the 
cane and stunting. Such symptoms, how^ever, have not been seen in thin canes in 
Northern India. 


*MoRae, W. Mosaio Disoaao of Sugarcane in India in 1025. Agri.Jowr. India, XXI, pp. 198-202, 
1026. 
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InCIOENOB 07 MOSAIC OISBASB IN LOOAUTIBS IN INDIA. 

In addition to the list of localities and varieties of cane infected by mosaic 
disease already given in this Journal, the following may be recorded. 

Bihar . — 

Pusa— Co. 223, Co. 273, Co. 294, Co. 296, Co. 296, Co. 298, Co. 299, Co. 300, 
Co. 303. 

Cuttack — Co. 213. 

Sepaya— Co. 213, Co. 241, Co. 243. 

United Provinces . — 

Gorakhpur — Co. 213.* 

Raya— Co. 213.* 

Punjab . — 

Gurdaspur-Co. 206, Co. 223, Co. 244, Co. 260, Co. 261, Co. 260, Co. 262, 
Co. 267, Co. 272, Co. 275, Co. 276, Co. 277, Co. 287, Co. 288. 

Lyallpur-Co. 205, Co. 210, Co. 213, Co. 223. 

Assam .. — 

Karimganj — B. 147. 

Jorhat— Co. 9, Co. 213, J 33 A, A2A, Al, B147, Badila. 

Burma }. — 

Sahmaw — B 376, D 74, Java Hebbal, Gillman Red, Striped Mauritius. 

Mandalay- J 247 (247-B), P. 0. J. 33A, P. 0. J. 213, Java Hebbal, Gillman 
Red, Purple Mauritius. 

Pyinmana — Co. 210, Co. 213, J 247 (247-B), P. 0. J. 213, Java Hebbal, 
Gillman Red, Ashy Mauritius, Kyauk-Khaung. 

Tatkon — Co. 210, J 247, P. 0. J. 33A, Java Hebbal, Gillman Red, Striped 
Mauritius, Ashy Mauritius, Toungoo Yellow. 

Allanmyo— P. 0. J. 213. 

Madras Presidency . — f 

Striped Mauritius, Ashy Mauritius, Q 116, Q 813, B 6460, B 6308, D 131, 
Bontha. 

Coimbatore Cane Breeding Stationf — Co. 210, Co. 296, Co. 305, JM 52092, 
M 49201, M 36093, M 50921, M 54244, M 66032, M 67016, M 66682, 
M 57018, M 57163, Green Sport, Kaludai-boothan. 

Thick-Cane Breeding Station— Co. 17, B 264, B 3412, H 109, P. 0. J. 100, 
P. 0. J. 920, P. 0. J. 2696, P 67, M 54349, Mauritius 33, S. H. 22, Bontha, 
Vellai, Green Sport, Cheribon Brisbane, Pattapatti, Striped Cheribon, 
Batjan. 


^Annual Report of the Mycologist, Burma, for the year eriding June 192tJ. 

♦Reported by the Plant Pathologist, United Provinces, 
t Reported bv the Government Mycologist, Madras. 

i These numbers are given in the Cane Breeding Station to seedlings in the preliminaiy stage of 
testing. 
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Bombay . — 

Manjri- B 208, B 1628, B 6308, H M 166, H M 310A, H M 310B, HM 312, 
H. M. 315, H 109, J 139, P. 0. J. 2727, Cavangerie, Piu-ple Mauritius, 
Striped local. Black Tana, Java, Waxy Red, Five varieties with Indian 
locality names. 

Amalsad — Co. 213, Strijjed Mauritius, White Mauritius, Khajuria, Malahari, 
Bengal . — 

Dacca — Co. 240, D 74. 


Fig. I 



Fig. 1. Localities iii India wliere uu»saic discaBe on sugarcane ha.s been found. 


The map in Figure 1 indicates the position of the various agricultural stations 
in India where mosaic disease has been found. Little, however, is known of the 
occurrence of the disease outside these agricultural stations. The areas that supply 
cane to the white sugar factories in the four districts round Pusa have been sampled, 
a survey of the important cane growing tracts in Madras Presidency has been 

B 2 
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made by the Government Mycologist and in Burma the Mycologist has this 
work in hand. 

The following information is taken from the Government Mycologist’s report 
about the survey in Madras:^ — 

A fairly complete survey was made of the sugarcane tracts of the presidency. 
In the north over 1,600 acres of cane distributed in the districts of Ganjam, Vizaga- 
patam, and East Godavari came under surve}". In Godavari , the taluks of Cocaiiada, 
Peddapuram and Ramachandrapur wer<^ distinctly invaded by the disease, while 
Amalapur and Razole showed only a meagre distribution. The varieties affected 
in these tracts are Red Mauritius, Thirple Mauritius, d 217, B 208, I) 1135, Striped 
Mauritius, Ashy Mauritius, Q 116 and Bontha. In the south the districts of South 
Arcot, North Arcot, Chittoor, Malabar and South Kanara were survciyed. In the 
eastern districts the disease was jnesent in (hiddalon^, Villu]>uram, Tliirukkoyilur, 
Kallakurichi and Chittoor, while Walajapet, Kalahasti, V()va]j>ad, Madanapalle 
and portions of Punganur were free. On the West Coast, South Kanara was free, 
while certain portions of Nortli and South Malabar show(‘(l the <lisease. The va- 
rieties affected in the above areas are Re<l Mauritius, B 147, M 55, I) 625, I) 131, 
J 247, B 208, B 6450, D 1135, Q 813, Q 116, B 6308, Fiji B, Reed and Java-HebbaL 
Red Mauritius which is the most widely cultivated variety was by far the most 
frequently infected. Fiji B* which is rt puted to be a resistant variety in other coun- 
tries has not come up to its rejnitation in South India, and was in many localities 
infected. But one pleasing feature of the survey in the south was that the P. O. J. 
2714, a robust growing eane and one which has recorded an extraordinary percen- 
tage of sucrose, has been singularly free from attack though it was grown in the 
midst of several susceptible varieties showing heavy infection all round.” Mr. 
Siindararaman has given the following further information 

“ In Godavari district, the infected lo(*.ality in the north, the j)ercentage 
of infection varied considerably up to 30 per cent. Probably 10 p<*r cent, is 
the average. Two varieties, however, in the Samalkot Agricultural station, Red 
Mauritius and B 254, had 67 and 35 per c(‘nt. inf(‘eted clumps r(*s})ectiv(‘ly. In the 
eastern districts the average infection is about 2 ]jer cent. In some jjJaces, 
however, it goes as high as 50 per cent. In the western districts there is very 
little infection indeed.” 

Seeing that the symptoms on thin canes are not easily distinguishable by culti- 
vators, it will be difiicult to get them to realize that th(ir<‘ is a disease so that any 
measures found necessary to combat it will have to ho. done in agri(HiItural stations. 
But such work is not likely to be umlertaken till extensive surveys of cane areas 

have been made and the magnitude of the problem stated with some degree of ac- 
curacy. 


Oovernmenl MycolfjgiM, Coimbatore, 1926 - 27 . 
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Amount of mosaic disease. 

(a) The amount of mosaic disease on the different varieties of thin canes varies 
considerably and the variation is well shown in Table I which is a record of the disease 
on the canes grown o7i a field scale at Pusa. Though, as is usual with most diseases 
in the field, the diseased plants were scattered irregularly throughout the area 
occupied by any one variety, still considering the position of the varieties on the 
farm, it is a reasonable assumption to make that they had an approximately equal 
chance of becoming infected, hence the figures recorded may be taken as a fairly 
correct evaluation of the relative susceptibility of the varieties in this environ- 
ment. 

Co. 232 is highly siKsceptible and has been discarded. Co. 205 is also very 
susc(*ptible, Co. 250, (V). 287 and Co. 213 are fairly susc(‘})ti))le, Co. 210, Co. 
273, Co. 275, Co. 281, Co. 282, Co. 28(), and Co. 288 are resistant, while Co. 214, 
Co. 248, (k>. 270, (V>. 280 and ( V>. 200 are highly resistant. The last four canes 
\ven‘ grown in the farm only, whil<' about 1,0(M) acres (d the first were* grown in the 
surrounding districts in 1027-28 but no mosan* mottling has ever been seen though 
this cane has been examined carefully on a large scale. 


Table I. 


Mosaic on sugarcane ai Pusa. 



Porcentage <'f mowii<; hIooI.h 

Acres 

ia2r)-2i» 


1027-28 

1027-28 




Juiu* 

( Utol)er 


Co. 20.'> 

-r 

00 

4 2 

12 

5*71 

Co. 2iU 

2 to Ti 

00 1 

teoi 

0 

0*44 




o:> 


2-60 

Co. 2l;j 

5 to 10 j 

1'2 

(►4 

0*02 

12 18 

211 

0 

0 

0 

0 

0-45 

Cc. 232 

00 


— 

— 


Co. 248 

0 

0 

0 

0 

0 21 

( o. 2rA) 

20 


— 

— 


C(.. 270 

0- (2 clumps) 

0 

0 

0 

0-00 

Co. 273 

0- 

001 

0 02 

0 

2*05 

( o. 27r» 

1 

0 

003 

0 

2 02 

Co. 280 

(» 

0 

0 

0 

0*00 

Co. 28J 

3 

c 

0'2 

010 

0*13 

Co. 282 

3 0 


20 

0*45 

0 07 

Co. 28U 

17 

— 

— 

— 


Co. 287 

15 


11 

0*17 

0*00 

Co. 288 

0 

f 

— 

— 


Co. 21H) j 

0 

0 

0*008 

0 

1*70 


1 he sign — indicaieH tlml the variety i8 no longer grown at The liign indicates the pre. 

«enco of mosaic though the percentage was not detoniiinod. 
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(6) The following canes in the nursery at Pusa which were free from this disease 
last year were found to be infected in June 1927. 

Co. 294 had 6 mosaic plants or 0‘1 per cent. (\). 298 had I mosaic' i)lant or 0*2 j>er cent. 

Co. 295 had 3 mosaic plants or 0*1 per cent. Co. 299 had 0 mosaic plants or 1*8 per cent. 

Co. 296 had 2 mosaic plants or 0*1 j>er cent. Co. 300 had .3 mosaic plants or 1*6 per cent. 

Co. 303 had 2 mosaic plants or 0*3 i^er cent. 

In addition, Co. 223 had 8 mosaic plants or 5 per cent. It, however, was intro- 
duced to Pusa for the first time in 1927. 

Co. 297, Co. 301, Co. 302, Co. 304, Co. 306 and BH 10 (12) have shown no symp- 
toms for two years ; thirteen seedling canes from Coimbatore as yet unnumbered, 
grown in the previous year in the Botanical Area, were free. 

Co. 307, Co. 308, P. 0. J. 2714, P. O. J. 2725, P. (). J. 2696, P. 0. J, 2727 were 
also fret* and this is the first season in which they have been grown in Pusa. 

Till February 1928 the symptoms have appeared on no other plant in tlie nursery. 

(c) With a view to estimate the amoxmt of mosaic disease on the widely grown 
Coimbatore canes in North Bifuir, cane-fields on seven (^states s(;atteretl fairly 
regularly along a line of 120 miles were examined in July 1927. The record is 
given in Table II and the percentage indicated is that of mosaic clumps in the 
area examined. 


Table II. 


Place 

Variety 

Acres 

I’ercenlaKe 

Estate 1 . 

( Co. 213 

6*0 

0*8 


t Co. 205 

0*5 

16*5 

Estate 2 . . , , . . , ^ ! 

Co. 213 

5*0 

0 

Estate 3 ^ 

( Co. 210 

50 



i Co. 205 

3*0 


Estate 4 ....... . 

Co. 213 

‘ 3*0 


Estate 5 ....... . 

Co. 213 

5*0 


Estate 6 ....... . 

Co. 213 

6 0 

1 0*9 


f Co. 213 

4*5 

1 0*2 

Estate 7 ....... . 

< Co. 205 

1*7 

100 


V Co. 205 

1-5 

19*0 


* Two clumps ordy were found. 


Of 26*5 acres of Co. 213 examined in 6 localities 0*3 per cent, of the clumps were 
infected, of 6*7 acres of Co. 206 examined in 4 localities 16*4 per cent, and of 5 acres 
of Co. 210 examined in one locality 0*05 per cent. We believe that these figures 
indicate correctly the position in North Bihar with regard to those three canes. The 
percentage of mosaic disease in them is far less than in Heraja whicJi they are gra- 
dually replacing. 

{(1) At Manjri Agricultural Station in Bombay Presidency three varieties of canOj 
Java 33 A, Java 36 and Red Mauritius, were found to be infected with mosaic disease 
in November 1926, whereas twenty-two other varieties of medium and thick canes 
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that were mostly grown in small plots had become infected by August 1927. Seven 
of these, viz,, B 208, B 1628, B 6308, Cavangerie, Striped local, Java and Waxy 
Red had scattered cases only, three, viz., H. M. 310A, H. M. 165 and P. O. J. 2727 
had up to four per cent., four, viz,, H. 109, Purple Mauritius, H. M. 315 and H. M. 
310 B had from 30 to 50 per cent., and eight were fully infected, viz,, H. M. 312, 
J. 139, Black Tanna, and the five varieties with Indian locality names. At 
Amalsad Agricultural Station Striped Mauritius had scattered cases, Malabari 
one per cent., Co. 213 thirteen per cent.. White Mauritius forty-two per cent, and 
Khajuria 75 to 100 per cent. 

(e) At Gurdaspur Agricultural Station in the Punjab, thirteen varieties were 
found to be infected in 1925, whereas in July 1927 fourteen other varieties of thin 
canes had become infected, of which five had scattered cases, viz,, Co. 244, Co, 
250, Co. 251, Co. 207 and Co. 276, while the rest had from one to three per cent. 
It is also interesting to note in certain of the varieties the difference in the amount 
of infection during the last two seasons in Gurdaspur. In most cases it varies 
from scattered cases in 1925 to three per cent, in 1927, but Co. 210 had scattered 
cases in 1925 and ten per cent, in 1927, while Co. 270 and S 48 had scattered 
cases in 1925 but in 1927 both had 20 per cent, of infected clumps. AtLyallpur 
Agricultural Station the infection was heavier and reached a maximum of 36 per 
cent, in Co. 223. 

(/) In Burma the amount of infection in the different varieties of cane is given 
in Table III which is copied from the Mycologist’s Annual Report for 1925-1926. 

Table III. 

Mosaic disease in Burma. ^ 


DaU; 

Variety 

Per cent. 
iU(*Kaic 

Locality 

Remarks 

1 

2 

3 

4 

5 

24th January 1020 

1)74 . 

90*0 

Sahmaw 

Plant 


DitUi 

87-7 

l>itto 

Ratoon 

Ditto 

B 376 . 

144 

Ditto 

Plant 

Ditt) 

Ditt . 

6-3 

Ditto 

Rati>on 

Ditto 

Gillman Red 

3-3 

Ditto 

Plant 

Ditt** 

Ditto 

4*6 

Ditto 

Ratoon 

Ditt< > 

Strijied Mauritius . 

30 

Ditto 

Plant 

Ditt.> 

Java Hobbal 

3*2 

Ditto 

Ratoon 

20tli March 1920 . 

P. 0. J. 213 

UKVO 

Mandalay 

Plant 

l>itki 

P. 0. J. 33A . 

1000 

l>itto 

Ditto 

Ditto 

Java Hebbal 

1000 

mtto 

Ditto 

Ditto 

Puq>l<^ Mauritius . 

DO 

Ditto 

Ditto 


* lihiiul, l>, Annutd Re.fk>rt of tht Burma, for the year SOth Jun^ 1926, 
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Mosaic disease in Burrm * — cc ntd. 


Date 

Variety 

Per cent, 
mosaic 

Locality 

Remarks 

1 

2 

3 

4 

5 

20th March 192() 



Gillman Red 

• 

500 

Mandalay 

Plant 

Ditto 



J. 247 (247-B) 


PO 

l)itt(» 

Ditto 

18th May 1026 



Cillman Red 


5-2 

Sahmaw 

Ratoon 

10th Juno 1020 



Gillman Red 


10 

Pyinmaiia 

Plant 

Ditto 



Java Hebbal 


97 d) 

Ditto 

Ditto 

Ditto 



J. 247 ^247-15) 


0-2 

Ditto 

Ditto 

Ditto 



I>. <). .J. 213 


99*0 

Ditto 

Ditto 

Ditto 



Ashy Mauritius 


100 

Ditto 

Ditt'. 

Ditto 



P. d. .1. .33-A. 


1000 

Ditto 

Ditto 

Ditto 



Kvauk-Khaung 


21 o 

Ditto 

Ditto 

Ditto 



Co. 210 


170 

Ditt » 

Ditto 

Ditto 



Co. 213 


70-0 

Ditto 

Ditt ) 

Ditto 



J. 247 . 


10 

Tatkun 

Ditto 

Ditto 



Striped Mauritius . 


0*2 

Ditto 

Ditto 

Ditto 



Cillnmn Red 


5-7 

Ditto 

Ditto 

Ditto 



Co. 210 


1000 

Ditto 

Ditto 

Ditto 



P. O. J, 33A. 


1000 

Ditto 

Ditto 

Ditto 



Toungoo Yellow . 


42 

Ditto 

Ditto 

Ditto 



Ashy Mauritius 


0*1 

Ditto 

Ditto 

Ditto 



Java Hebbal 


100*0 

Ditto 

Ditto 

15th June 1920 



P. 0. J. 213 



Allanmyo 

Ratoon 

Ditto 



P. 0. J, 213 


800 

Ditto 

Plant 


♦Rhine! , D. Annual Jieport of the Mycologist^ Burmn,f(n the ye/ir ending ,‘iOth June 1U2(), 


(g) The Dairy Farm at Karnal in the south-eaflt of the Punjab is the onl}' agri- 
cultural station we have visited where mosaic disease was not found on cane. Here 
Co. 205, Co. 213, Co. 223, Co. 287 and Co. 290 are grown on about fourteen acres. 

According to the information available, the amount of mosaic disease on the 
Coimbatore canes is small in North Bihar and comparatively small throughout 
Northern India where a percentage above 15 is rare. In the trojucal parts of 
India such as Lower Burma, however, the two Coimbatore canes tried, viz., Co. 213 
and Co. 210, are fully infected. The thick canes in tropical India and those in 
Northern India, of which there are few, are much more heavily attat'ked by mosaic 
disease, percentages up to 100 being not infrequent . There is general ground 
then to believe that on the whole the thin canes are resistant. It must not be 
forgotten, however, that the grow'ing season in Northern India is a short one and 
probably limits the period of activity of whatever insects carry the disease. This 
was definitely so in the season 1927-28 during which mosaic symptoms appeared 
^on the leaves from May to September in Pusa, while in Coimbatore they appeared 
from June to January. 











MOSAIC DISEASE OF SUGARCAKE 


247 


Amount op spread of mosaic disease by natural means. 

A consideration of the appearance of mosaic symptoms on canes in four plots 
whose sets were known to have been cut from cane-clumps free from such symptoms 
for one or more seasons gives an idea of the amount of spread by natural means. 
Table IV gives the percentage of mosaic clumps for two seasons. In plot No. 1 
the non-mosaic sets w(Te taken from canes that are known to have been free from 
mosaic for four seasons, in plots Nos. 2 and 3 for two seasons and in jdot No. 4 for 
one season. In plot No. 1 non-mosaic canes of Co. 210, Co. 213, Co. 214, 
Co. 275, Co. 290 and IJba were grown in alternate rows with mosaic sets of Co. 213, 
Co. 232, Co. 250, Co. 281 and Co. 287. In the first season each line had 50 
to (iO clumps, while in the second 80 to 111. The plot was irrigatx‘d periodically 
})artly to keep down white ants which are always abundant in newly ojxnied grass 
land in this locality and partly to ensure against possil)le shortness of moisture in 
the soil so that as few^ as possible of the plants might be lost. In the first season 
mosaic mottling aj)])eared on the leaves of six per cent, of the plants of Co. 210 dur- 
ing March and April, while in tht‘ second season there was no .sj)read on to this variety 
but th(Te w^as to both Co. 213 and Co. 275. Eight clumps of Co. 213 showed the 
l('af-mottling in June and tw’o more near the end of July, while two clumps of Co. 
275 show'od the signs on the 8th of June. 

In plot No, 2 the lines wxtc 160 feet long. Twenty lines of non-mosaic Co. 213 
and seven lines of non-mosaic Co. 287 wx're planted in a block and the same number 
of lines of mosaic sets were planted in an adjacent block. In ])lot 3 the lines w'cre 
VX) feet long and here too w<‘re two adjacent blocks of six lines each of mosaic and 
non-mosaic Co. 213. In both plotvS the non-mosaic cane was free from mosaic disease 
during the previous two seasons. These two ploLs were not irrigat<‘d l)ut were grow n 
under estate conditions. 

Ill the first season 05 per cent, of the clumps of Co. 213 showed leaf mottlings 
during April and June, while in the second 2-1 j)cr cent, showed them during the 
months of Jiim to Sejytember. Co. 287 had l-G jxt cent, spread. 

In plot No. 4 the lines w'cre 93 feet long and the number of sets in each line varied 
considerably according to the varying length of the internodes. Non-mosaic cane 
of (^o. 205, Co. 281, Co. 250, Co. 273, Co. 213, Co. 275, Co. 280, Co. 286 and Co. 290 
alternated with lines of mosaic cane of Co. 232. This plot was in the Kitc hen Carden 
but was not irrigated. The mosaic symptoms appeared on the leaves of four 
varieties only during the months of April to June. The record of this plot has 
not quite the same value as the other three, because the non-mosai(' sets were taken 
from canes that ap|)eaml to be free from mosaic at the time of jdanting. The 
care s had not individually been kept under observation dur ng the growing season 
though the field as a w^hole had. We know^ that some thin canes do lose the 
mark ngs and though we chose canes with deep green leaves w e have no other test 
that they were free as we do have in the other three experiments. 
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From the known history of the non-mosaic cane in plots 1, 2 and 3 there can be 
no doubt about the appearance of mosaic mottUng on the leaves being due to infec- 
tion in the current season by natural means and the figures give a measure of the 
spread at Pusa in 1927 in the near vicinity of infected canes. In plots Nos 1 and 4- 
where the non-mosaic plants were side by side with the mosaic , the spread was 
greater thnn in plots Nos. 2 and 3 where the two blocks were adjacent. 

For cane grown in the field where infected clumps are scattered here and there 
we have no accurate record of the spread of the disease, but the record of the per- 
centage of mosaic disease in October 1927 in Table 1, though it does not directly 
show the spread of disease, does indicate percentages, that may be equal to or less 
than but are not greater than those that would represent the true spread. If we 
assume that all mosaic plants were removed in June (though tliis is hardly likely) 
then the percentages would indicate the spread during the season. They vary from 
0 to 1-2 per cent. Thus in Pusa, which is sufficiently typical of Nortli Bihar, the 
spread of mosaic disease in the field in 1927 was probably less than 1 per cent, 
on those varieties of cane in which the maximum spread took place. In this year 
the monsoon was light and not evenly distributcid, only 39 inches of rain fell instead 
of an average for 21 years of 46 inches. 

Tabue IV, 


Percentage of mosaic diseme earned by natura l sjrread. 


Plot 

Variety 

Area 

Ccrceiita}4C of 

1926-27 

nosaic clumps 

1927-28 

1 

Co. 210 

1 lino of 50-60 clumps in 1926-27 ami of 80 

0 

0 


On. 213 

to ill clumps in 1927-28. 

— 

9 


Co. 214 . 

1 )itt‘ > ... 

0 

0 


Ot). 275 . 

Ditt< > ... 

0 

2-2 


Co. 200 . 

Ditto 

0 

0 


Uhik 

Dittn 

0 

0 

2 

Co. 287 . 

14 cents ...... 

I'G 

1(» Ratoon 


Co. 213 . 

22 „ 

0-5 

1-2 „ 

3 

Co. 213 . 

7 „ 

— 

21 

4 

Co. 205 . 

1 line of 82 clumpH .... 

3-6 



Co. 281 . ; 

1 line of 107 clumps .... 

4-7 



Co. 250 . 

1 lino of 90 cluinpH .... 

M 



Co. 273 . 

1 line of 77 clumps .... 

1-3 



Co. 21.3 

1 line of 85 clumi>s ■) 

0 




1 line of 84 clumps y • • • • 




Co. 275 . 

1 line of 88 clumps .... 

0 



Co. 280 . 

1 line of 104 clumps .... 

t ® 



Co. 286 . 

1 line of 94 clumps .... 

' 0 



Co. 200 . 

1 line of 05 clumps .... 

0 
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This amount of natural spread of mosaic disease in 1927 in Pusa is different 
from that in a similar experiment in Coimbatore. The Government Mycologist 
showed us two plots in which a row of each of 24 varieties of non-mosaic thick canes 
was grown interstripped with alternate rows of mosaic Red Mauritius in the one plot 
and of mosaic Java Hebbal in the other. Thirty sets had been planted in each row. 
Taking the average of corresponding rows in the two plots, it was seen that in P. 0. 
J.2727, Fiji C, Q813, Tana, B147, B3412 under 50 per cent, of clumps had become 
infected, in B6308, B 208, Fiji B, J247, Chittoor Poovan, Java Hebbal, Butjan, 
Vellai and Purple Mauritius from 50 to 80 per cent., and in B6450, Poovan, DG25, 
D131, D 1136, M65, Q116 and Red Mauritius 80 to 100 per cent. Thus the 
amount of spread on thick canes in Madras is far greater than that on thin canes in 
Bihar when the canes are situated in the best position for the spread of the infection, 
as they w<‘re in the experiments imme<liately under review. 

On page 244 is a reox)rd of mosaic on certain varieties grown in the Nursery at 
Pusa. All of the infected canes ex(‘.ept Co. 223, which was a new introduction, were 
free from mosaic in the previous year. The sets of Co. 223 were got from Ly allpur 
at the planting season. Suh8e(pient examination in Lyallpur showf^l that the 
standing crop, whose sets had the same origin as those sent to Pusa, had 36 per 
cent, of infected clumps in Ju y. It is thus likely that mosaic was introduced 
into the nursery by this cane and then spread to other varieties. Perhaps a point 
might be made hen* for growing canes from other stations in a sej)arate 
(juarantine plot for a season before introducing them into the ordinary cane blocks, 
otherwise discMvse is likely to be spread from station to station throughout India as 
mosaic^hiis been. 


OCOURRKNCE OF MOSAIC DISEASE ON MAIZE. 

During August 1927 nine maize plants within 30 yards of Plots Nos. 2 and 3 
developed mosaic mottling on their leaves. Three hundred acres of maize on the 
farm were carefully examined but no other case was found. Fields romid Pusa for 
a mile or two and along three roads to a distance of 15 miles were examined but no 
mosaic disease was found on maize, Andropogon Sorghum, Eleusine coracana, Pant- 
cum ff^mentaceurn, Setaria italiea, Cynodon dactylofi and other grasses. 

It seems clear that these nine maize plants were infected from the infected cane 
in the adjacent exj>eriraentRl plot and that mosme is not on the common cercRls 
of the kfuirif (autumn) crop in the vicinity of Pusa. Both maize and Sorghum have 
been infected artificially from sugarcane and the former naturally, so there is a 
possibility that mosaic disease will pass from cane to these two crops. This it has 
done already iu some other countries, such as the United States, Porto Rico, Hawaii, 
Trinidad, Queensland and South Africa, and in some of tliem reconmieadations 
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not to grow these crops in rotation with sugarcane have been made. Maize is a 
common crop in some cane-growing areas of Northern India and Sorghum in tropical 
India. If mosaic disease is going to pass to these two crops and they become 
infe(?ted to any great extent, not only will there be an additional problem to 
solve but that on sugarcane will become more complicated. Seeing that maize 
and Sorghum are now known to be susceptible to mosaic disease in India it 
seems just as likely that they will become infected as sugarcane has been, so that 
the danger is a real one and this problem of mosaic disease is well worth 
intensive study by all the departments of agriculture in India. Too much 
dependence should not be placed on work at Pusa where the disease is light, 
the spread is slow and facilities are none too abundant. What we have seen in 
Coimbatore on a recent visit show^s that what happens in North Bihar is hardly 
comparable with that in 8outh India. Information about incidence, in sugarcane 
and other plants and the spread of the disease is required in each main cane- 
growing tract. That work has been begun in the Punjab, Bombay, the United 
Provinces and Madras, Ave know, and we hope that it will become at once a main 
subject of investigation. 


Germination. 

The number of shoots that germinate and come above ground is small compared 
wdth the number of buds in the sets planted, as seen in Table V. In healthy Co. 
213 it is 44 per cent, on irrigated land and 32 on unirrigated land. The Govern- 
ment Sugarcane Expert found from observations in the varietal plots in the Cane- 
breeding Station at Coimbatore that in 44 Coimbatore seedlings the percentage 
of germination in the central buds was 64 and in the end buds 42. This w^ould cor- 
respond to a germination of 49 per cent, in the field w^here three-bud sets w^ere 
planted. As the fields in the Cane-breeding Station are irrigat/ed, the con- 
ditions correspond to those in the irrigated plot at Pusa, and the percentages of 
germination in the two places, viz., 49 and 44, are comparatively near. That the 
germination in the unirrigated field, viz., 32 per cent., is somewhat lower is to be 
expected as the moisture content of the soil is much less. The germination in sets 
from mosaic cane is lower by 13 per cent, in the irrigated and by 8 per cent, in 
the unirrigated land. The germination of mosaic infectt*d Co. 287, Co. 232, and Co. 
205 is also low, remarkably so in the last variety. As there is no cane of these 
three varieties so definitely known to be free from mosaic as that of Co. 213 
under exjieriment, the relative difference in germination between mosaic and non- 
mosaic cane of these three varieties cannot be found with accurracy this year. 
These data especially with regard to Co. 213 indicate that there is a possible loss 
through lower germination in mosaic cane. 
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Table V, 


Germination of set^ from, mosaic and rum-mosaic cane. 


Plot 



Length 
of lino 

No. of 

])lantec) 

No. of 
oyoH 

No. of j 
shootH 

Percentage 
<»f shoots 
to sets 

Ratio of 
shoots to 
sets 

Percentage 
of shotits 
to oyes 

No 1 

Noll 

V’ 

.. 2V\ 

78' 

84 

■ 

111 

132 

m) 

44 


Mosaic 

Vy 

K lm:? 

1 

78' 

81 

243 

73 

Itu 

G8 

30 


M' Haic 

(;< 

213 

78' 

- 1 
7(i 

228 

71 

93 

70 

31 



('< 

.. 213 

78' 

8r. 

2.78 

81 

94 

71 

31 


Mosaic 

c. 

*. 2H7 

78' 

03 

27‘» 

83 

9U 


30 


Mct.saic 

r. 

232 

78' 

87 

2(il 

(>.7 

7.7 


22 


Mosaic 


.. 20o 

78' 

7o 

22.7 

5C» 

75 

! 

1.7 

No. 

Non 

Vv 

.. 213 

iir»8' 

147:> 

4425 

1432 

97 

UK) 

32 


Mos vie 

Cn 

>. 213 

11 os' 

lo70 

47 lU 

]\'M) 

12 

74 

24 


Infection experiments. 

In the inh-ctiori <‘xp(*rimonts given in Table VI juice was crushed from ni(dtl(‘d 
leav(‘.s and immediately pricked into leaf-sheaths and stems of {)lants known to be 
free from mosaic dLs<‘ase. An adequate number of plants wen* used as controls 
and into th<»m juic<» from known non-mosaic plants was pricked, but in no ciise did 
mosaic mottling appear on the leaves. The disease has been passed from Co. 213 
into four other varieties and into maize, from Co. 205 into three otluT varitdies and 
into maize and Sorghum, from Co. 210, Co. 232, Co. 287 and RihI Mauritius into 
maiz(‘ and from Co. 232 to Sorghum. It has also b(*en passed from maize infected 
from Co. 210 to other maize. The experiments demonstrate tliat the disease can 
j)ass from one variety of cane to another, from one variety of cane to Sorghum, 
from several varieties of cane to maize and from maize so infected to other maize. 
We tried to infect cane from maize and Sorghum w ithout success, but the failure is 
more likely to be due to inadequate technique than to the possible inability of the 
virus to infect cane and attention will be paid to this point next year. 
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Table VI. 

Infection Experiments. 


— 

No. of 
shooCs 
inoculated 

No. of shoots 
sliowinj^ 
mosaic 

Date 

Incubation 
})eriod 
in days 






r 13 

8 

24-6-26 

30 

Co. 213 to Co. 213 . 





16 

8 

19-4-26 

37 






11 

2 

16-6-27 

26 

Co. 213 to Co. 205 , 




(> 

2 

16-6-27 

27 

Co. 213 to Co. 232 . 




4 

L 

16-6-27 

37 

Co. 213 to (;u. 275 . 




8 

3 

16 6-27 

33 

Co. 213 to Ued Mauritius . 




1 

1 

10-0-27 

26 

Rod Mauritius to Co. 213 . 




10 

16 

10-4 2(iJ 

45 

Co. 205 to Co. 213 . 




30 

2 

18-0-27 

25 

Co. 205 to Co. 275 . 




10 

1 

22-6-27 

33 

Co. 205 to Co. 210 . 




10 

y 

22-6-27 

33 

, Co. 205 to Uba 




4 

i 

22-6-27 

33 

Co. 210 to Co. 210 . 




10 

4 

24-6-27 

25 






5 

29-7-26 

10 

Co. 213 to Maize 





3 

25-8-26 

10 

Red Mauritius to Maize 




16 

4 

31-7-20 

10 





r * 

2 

18-6-27 

9 

Co. 205 to Maize 




\ tK» 

1 

20-7-27 

26 

Co. 232 to Maize 




61 

9 

20-7.«7 

14 

Co. 287 to Maize 




60 

6 

22-7-27 

12 

Co. 210 to Maize 




56 

10 

23-7 27 

11 

t<j Maize 

. 



61 

42 

10-8-27 

11 

Maize to Maize 


• 


0 

2 

1!» 8-27 

6 

Co. 232 t(* dowar 


. 


4 

I 

18 6-27 

21 

*Cn. 20.» to Jowar 


• 


4 

2 

18-6-27 

U) 












MOSAIC DISEASE OF SUGARCANE 


263 


Roguing. 

The time of appearance of mosaic mottbngs on the leaves of cane from mosaic 
and non-mosaic plants is given in Table Vll. We had to make up our minds as to 
the exact point of time when we would enter a plant as showing the symptoms, 
and we decided to wait till the markings were so clear as to be easily recognizable 
by an ordinary person looking for them. We did so because we wished to girt 
information that would help with regard to the efficacy of roguing. These two 
j)lot8 were planteil from the 10th of February, 1927, onwards. At the end of 
April the number of shoots of Co. 213 that originated from mosaic sets and on 
the leaves of which mosaic mottling was clearly recognizable was 82 per cent, in the 
irrigated land, 75 per cent, in the unirrigated land, while on the 10th of June the 
])erccntage was 98 and 90 respectively. Mosaic in Co. 287 and Co. 232 showed 
up more quickly and by the 10th of June in every plant its presence was visible. 
In IV). 205, however, symptoms appeared much more slowly. These facts have 
a f>earing on roguing. To be a practical method of dealing with the disem', ro- 
guiug should be done as f(‘\v t im(\s us possible in order to keeji down expense, and yet 
it should be effica(‘ious in reducing the diseasit substantially. A controlling factor 
is the spread of the disease. On the 21th June 8 })lants or 7 per cent, in the non- 
mosaic line of Co. 213 in No. 1 j)lot had mosaic mottling on their leaves and on 26th 
June five plants or 0*3 per cent, in the non-mosaic Co. 213 in plot No. 3 also had it. 
In plot No. 1 every alternate line is mosaic material, so the non-mosaic plants are 
in a good position to beconuj infectiHl. The- non-mosai(j j)lants are from cane that 
has been obs('rved to be free from mosaic- for four seasons. In the plot No. 3 the 
non-mosaic caini is growui alongside^ the mosaic < aiie. The former was taken from 
])lants that showaul no signs of mottling on their leaves for two seasons. Hence 
th(.‘se mosaic- plants in the non-mosaic lines had been infected this season some time 
after planting. None of the mosaic plants were removed so that every chanc-e 
was given in the experiment for the spead of the disease. The carrier was not 
observed and the exact time of infection is not known. Howa‘ver, in the experiments 
of 1926 and 1927 the interval between “ pricking in the virus and the appearance 
of mosaic mottling on the leaf varied from 29 to 45 days. Thus it is possible that 
th(‘ infection of the plants in the^e plots took })lac(‘ as early us the lOth of May. 
Itoguing shouM accordingly be done before this date, say on the 1st May. Then 
75 per cent, of the mosaic plants of Co. 213 in estate condition w ill have laa ome visible 
and remov(‘able before spread begins, ily the lOth of June, just ]>efore the mon- 
soon is expected to arrive, another 15 per cent, will be visil)le plus 0-3 per < ent. 
oj spread. These facts show' the efficacy of roguing. As much of the cane in 
North Bihar is grown in large V>lock8 even up to 40 acres, it is not feasible at present 
to rogue all this and if the spread is so slow every year as it has Ix'en during the last 
two seasons it does not seem necessary. But it is well wortli while to rogue a siilii- 
eif*ntly large area to provide ample seed for th<^ nt'xt season. The. cost in labour 
will be comparatively small but the workers will have to be carefully trained to re- 
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cognize the disease. On the Pnsa Farm the cane crop was rogued in 1926 and in 
1927 at the time of planting and in every case where the same variety of cane has 
been grown during those seasons the percentage of mosaic has been substantially 
reduced. In October 1927 an examination of the cane showed that the percentage 
still present after roguing was small and indicates that rogiung has to be continued 
for several seasons. Though in Co. 210 and Co. 275 no mosaic canes were foimd, 
we shall have to wait till the next actively growing season in June before being sure 
that this is a fact and not an oversight of a very small quantity. The Cane Breed- 
ing Station at Coimbatore also allords a good example of the possibility of pre- 
venting mosaic disease from getting hold of a small cane area. In 1925 and 1924 
a few sets were exported to Mauritius and Cuba respectively and developed 
mosaic there, so it is presumed that there was a small amount of mosaic disease 
in the station then. In 1925 the junior writer found no mosaic. In February 1920 
the senior writer found two clumps after examining every one in the area. 
Later in the year 19 clumps and a single short row were found and all were com- 
pletely dug up and destroyed immediately they were seen. In 1927-2^ though the 
station was examined at various times by both the writers and by the Government 
Mycologist and his staff only one case of mosaic disease was found. The disease 
w’as carried to the station from infected fields near by but a careful outlook and 
prompt roguing has prevented its spreading. 

Similarly the results of two years’ selection work at Shahjahanpur^ Sugarcane 
Research Station in the United Provinces have been successful. Some canes such 
as the Poundah varieties are very susceptible and often show as much as 100 per cent, 
infection. In the first year the ])ercentage was brought down to 5 and in the second 
to 0*1. M(*asures of control have been carried out at all demonstration centres in 
the Circle where improved varieties of cane are Ixung grown with equally suc<*(*8sful 
results and the Deputy Director thinks that there is every prospect of mosaic being 
controlled in the more important of the new varieties of improved cane such as 
Java and the selected Coimbatore seedlings. 

As mentioned already^, roguing is the onh^ method of reduction applicable in the 
field that has been found of any value in other countries, and it has been now shown 
to be of value in India. The substitution of a highly resistant variety for all the 
locally grown susceptible varieties as has been done with Uba in Porto Rico and 
Natal is being left out of consideration as not being practicable in India at present. 

’ of the Agriculture Slniinrifi of the Rohilkhond Circle,, Shahjahanpur^ 1927. 

2 Srloitific Reports of the A, R. L, Rum (Rept. of the /. .,) 1926-27, p. 51 ; Agri. Jour, of India^ 

Vol. XXll,'i). 14, 1927. 
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Nufnb&r and percentage of recognizable mosaic clumps^ 
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A small nnmber of plants wer« dejstroycd by white ants aiifl have taken into cunsideratiou when calculatiny the pexv-enta^es. 

























TEA IN NORTH-EAST INDIA, III. 


H. CARPENTER, F.I.C., F.C.S., 

Chief Scientific Officer, Indian Tea Association. 

(Continued from Vol. XXIIT, Pt. 3.) 

Tea soils of North-East India. 

Most of the tea soils of North-East India are what is classed liy geologists as 
new alluvium. As the Assam Valh^y was formed with the ujiheaval of the Himalayas 
to the north and the raising of the Barail range to the south, between what is now 
Assam and Burma, tlu' Bralimapuf ra and its tributaries laid down soils which have 
from time to time been waslied away or covered witli newer deposits. 

N(‘ar tlie iriinalayas, in the Dooars and at tlie foothills along the north bank 
of the Brahmaputra, b a is often j)ut out on th<‘ gentl(» s1o}K‘S rising to the hills. 
These slop(‘S, formed from th(‘ detritus washeil down from the mountains, form banks 
of well drain(‘d loams of a bright red colour and referred to as Red Bank. In 
the Dooars and the Terai ar<‘ also new alluvial soils washed from the areas in the 
immediate viimiity. The soils laid down by the Brahma]>utra are generally high 
in insoluble silicious matter, but the alluvial soils of the Dooars contain less quartz 
and more minerals decomposcMl by acid. 

In the Surma Valley the soils vary according as they are taken on techies, flats 
or hhecls. The trrhis ar(‘ hillocks of reil santistoiu^, closely relakd to the sandstones 
of the Naga Hills in the Brahmajuitra Valh^y. The valleys or flats between these 
hillocks may be sands or clays ai i'ording to the sIoj)e of tin* land, for these areas arc 
generally formeil by washings from th(‘ tiehis or by d(*posits laid down by rivers which 
have backed up during flood p(‘riods of tin? rivar Surma. The h/icels are jx^aty 
bogs usually surrounded by techs. 

The general slope of the Brahmaputra Valley is gre^tt>r than 6 inchci^ per mile 
with the result that most of the silt is carried away by the river and only the coarser 
particles deposited. In cases wliere loams occur, as on the Doom Dooma bank, 
the soil has been dopo.sitcd by .smaller rivers whicdi may have had theur slope changcnl 
from time to time with the successive rises and falls of the valley. 

The gradient of the valley is shown by the following heights of towns, given in 
feet above sea level. 

S’juliya ..... 440 ft. I Trzfiur ..... JiJW ft. 

I .... 340 ft. I (lauhati ..... 103 It. 

..... 319 ft. | Goalpara ..... IfK) ft. 

Thti distance* fr<»ni Sadiya to Goalpara is about 400 miles. 

( ) 
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The south bank of the Brahmaputra, backed as it is by the sandstones of the 
Naga Hills, yields soils devoid of stones except near the Mikir Hills and Shillong 
plateau. Stones are abundant in the Dooars and on the north bank fis far as Brahma- 
kund, above Sadiya, where the Himalayiis end, and the crystalline rock gives place 
to sandstone. 

The first table shows typical soils from the Brahmaputra Valley. 


Brahmavutra Valley. 
Tyjriad soilfi. 



Dilinitrarli 

.l<>rhat 

ni,'<luial}i 

Mf-rhati t(nl nfii ilif'iis. 

Cn.-trs** sainl ..... 

jH‘f I *10 . 

It; 

|H'r cent . 

.7 

|M*r cent. 

r>t> 

Kim ..... 

:i4 

r>.7 

2 4 

Silt 

1:» 

Is 

I 1 

Kinr MilJ ... , . 

i:. 

17 

1 1 

I) 


1 oil i“n ..... 

.7 ‘i 

2 It 


( '}>• ifi H it! it . 

nir/aiiu' (< tran'lv.Hi ) .... 

1 s 

II 

\ :i 

N'tt ... 

(1 in 

n Its 

n nS 

'lofal a( i<l ..... 

( t < >s7 

n ni 

ttt).77 

.A\ ail.ihj*- plnt.-jjiliorif u i«l .... 

(MU 7 ‘ 

(v (ins 

<1 tUl 

.. Ji<‘t;i.vli , . . . . j 

nil 1.7 

n ( tos 

n tHi.7 

,, liim* . . . . . j 

n-lti 1 

0 nit; 

n-n.'ts 

A(‘i<lit V ( Mnpkiii.s) . . . 

li.'iO 

;71H» 

:{n:) 

IiihiIuMo .sili<>i«.ns . . . . . 

1 

7‘J 




The Dibrugarh soil is typical of the Ijakhinipur l)istri< t which conipris(*8 al>ont 
BKh(KK> a<*res of tea and thi‘ finest area in North Hast India. The soils here havi* 
br*en laid down by the Deliing and Noa Dehing river syst-<mis and thus ( aini^ from the 
Naga Hills. On this a<^ci)unt they show a lower j)ercentag(* of insoluble siiit ious 
matter than do the soils laid down l>y the Brahmaputra. Besides being well supplied 
hi plant food they are deep soils. 
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The Jorhat soil is taken from near Tocklai and represents the average soil of the 
district. The insoluble silicious matter is high and the soil generally poor. The 
crop in such areas is naturally far below that of Dibrugarh. 

The Bishnath district is on the north bank where the soil is often light and poor. 
This district suffers from drought on account of the lightness of the soils, although 
once the tea is established it does well. 

The second table contains an example of a Darjeeling soil fonruKl in situ, a Ked 
Bank soil, a Mai sand and a grey sandy loam, all from the Dooars. These last 
three types also oc cur on tlie Terai. 


Darjeeling and Dooars. 
Typical soils. 



l)arji?<*ling 

]S!hI sand 

U(‘d Hank 

( itvy 

sandy 

loam 



per cent. 

fX'r I’ent. 

|KT cent. 

Meehan \cal a 





Coarso sand ...... 

2:1 

04 

19 

5 

Fin(‘ wind . . ... 

10 

10 

10 

:u 

Silt 

1:1 

4 

12 

29 

Ein(! Hilt ....... 

27 

7 

18 

or 

..1 

Clay 

20 

4 

;i:i 

0 

IjOSfl on ignition ..... 

(i-8() 

4-H 

70 

85 

Vhemkal anah/sk. 





OrganitMiwitUT ((Jr'uidoau) 

5-22 

2-4 

2S 

14 

Nitrogon 

018 

012 

012 

009 

Total phoHpJiorio a(‘id 

000 

0-081 

015 

0*16 

Available pliosphorie acid 

0019 ! 

0019 

0014 

{)-0G 

„ f>otash ..... 

C(H 

0009 

0018 1 

oon 

„ lime ..... 

00.5 

002 

0028 

0l4i 

Acidity {Hoi>kin8) ..... 

8^10 

150 

8(X) 

120 

IriHoluble silicious matkT .... 

71 

85 

08 

82 


The Darjeeling soil is typical of many formed in tritu in this district, although 
some resemble the Red Bank soil shown in another column. The accumulation 
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of fine silt appears to indicate a distinction for this class of soil. In the valleys of 
Darjeeling, many of the soils are alluvial resembling the Mai sand and grey sandy 
loam of the Dooars. 

The Mai sands occur in the Terai and the western Dooars and arc probably 
old alluvial df^j^osits which have remained water-logged and thus collected plant 
food, in which they are now remarkably rich. The insoluble silicious matter is lower 
than might be expected, suggesting that much of the sand of these soils is soluble 
in acid and is not qufirtz as is the case generally in Assam. The Mai sands are black, 
but in the south Terai are exam})les of these soils raised on banks and well aerated. 
The result is a red Mai sand much poorer than the average black type. 

The Red Bank soil may be tak(m jis typical of most of these soils formed by 
Aveathering. The characteristic is coarse and fine particles as major fractions, a 
state of affairs not [)ossible wuth water borne soils. The Red Bank soils are among 
the richest tea soils of North-East India. The Red Bank generally abuts the Hills, 
although in one or two cases isolated outcrops occur. 

The grey sandy loams an^ the new^est soils in the Dooars and as such are rich in 
lime and phos})horic acid. In some cas<»8 patches of alkaline soils occur, and here 
the tea is poor or fails to grow^ at all. Jt is usually found that, within limits, the best 
tea soils are th(' most, acid on<‘s. 

The third table shows soils from the 8urma Valley. 


Tyjmal Surma Valley soils. 



Ti fid 

Flat 

Bhol 

Mei’Jui n ical a nalyj^ is . 

( oatx' ....... 

por criit. 

:i2 

p<'r (a*nt. 

nil 

{XT ornt. 

nil 

I’iiK' Hatid .... , , . 


17 

7 

Silt . . 

ti 

Hi 

7 

Kiru' wilt ........ 

U 

27 

2<i 

^ , . ..... 

11 

2S 

11 

liOsw oil i^iiit ion ...... 

o-fi 

S-1 


^ 'hrnnt'ftl atfaltjsLs. 




Orgiuiir niattor ((iraiidiwi) .... 

2-4 

;v7 

20-4 

Ni1njp»Mi ........ 

tbl") 

0 20 ; 

057 

'total pho.sj)horic acid ... 

i\:ii 

tiOOS 

<V194 

Availahlc ]>lK>a|)lioric imid ..... 

()-n> 

•tMF> 

0 053 

„ ...... 

oi:i 

0014 

(V03fi 

» iiino ....... 

(XMi 

O-OS.'l 

<M)24 

Aridity (Hopkins) ...... 

500 

12tK) 

2r>tX) 

Insoluble siliciouH inaltor ..... 

92 

75 

55 


The te4da soil is typical of the red hilloc ks which arc a distinctive feature of C'achar 
and Sylhet. The^je teelas cRrry good tea, although some of the southern slopes suffer 
badly from drought and too much sun. 





260 


AGRICULTURAL JOURNAL OF INDIA 


[XXIII, IV. 


Th(^ flat is a common type of heavy clay, difficult to handle unless generously 
green cropp(Kl. The hhed is also typical. These peat soils produce enormous crops, 
up to 2,(X)0 lb. of tea per acre. After twenty years or so they deteriorate, often 
owing to over drainage, as a result of which they lose their colloidal properties 
through repeated drying, and become “ fluffy.” 

Practically all the tea soils of North-East India an' acid. In a few cjises in the 
Daiiui-Toorsa district of tin' Dooars small patches of recently d(*]K)sited soil are 
neutral or just alkaline, and either fail to grow t(‘a. or <lo so ifidiffc'rently. Tin* higher 
limit of soil acidity tolerab'd by tea has no( yc't bee n lix(*d, but soils with an iundity as 
high as )b000 parts lime per million (Hopkins), am I a. p*‘ value as low as .‘v8, grow 
good tea. Soils sliowing practically no acidity by the HopkiTis method but a p** 
value of about 6*5 may Ix' successful as t(‘a soils, but a neutral soil wit h - 7 is not 
good for tea. 

] Planting. 

The most sought after land for tea planting is well drained jungh' land, although 
great an'as of grass land are also growing tine tea. liow-lying land, usually referred 
to as rice land, does not do well unless it is sufficiently high lying to l>e dr.aim'd. 
Many of the best areas in Assam wen? formerly occupied by bamboo forest and the 
teehis of the Surma Valley carry bamboo. 

Tea s('(hI is grow n in seed gardens which are usually attu(*hed to tea gardens. 
North-East India, with its dry, cold weather, is particularly suited to the' formation 
and ripening of tea seed, and in most districts are good scmI gardc*ns from wdiich 
are annually despat('he<l many maunds of sex'd to the* tea growing distrieda of the 
world. 

Some' of the best known seed gardc'iis an* plantc'd out as follows. The bushes 
are jclaiited 10 < 10 feet S([uare and centre pruned when about I years old. After 
ibout 10 years, altc'rnate diagonal rows of bushes an* eut out leaving the planting 
14> 11 feet triangnlar. 'J'he stc'ins of thc^ bushes an* kept clean and sprayed with 
lime-sulphur solution to a height of about b fc'cd. 

The method of e.ollectiug and sorting t^c'a seed is as follows. The seed pmis and 
sec'ds arc^ collecit'd after they have* fallen and ))laeed in damp, shallow sand pits, 
covered with dried grass, for a few^ days, after which time' the pods are easily 
removcHl. After shcdling, the seed is placM'd in a wabT-tank and, of the sinkers, a 
certain number an* split and examined. If these arc^ IH) jx'r exmt. or more good 
(t.c., not more than 10 per cent. “ starrc'd ”) they are dried and sold. If they show 
less than 90 per cent, sound they an* j>ut back in the j>its for four or five days and 
then refloated and a frc'sh tot made of the sinkers. A starred seed is one which 
has been attacked by the tea seed bug {PoeciUxxrris hiim) aiid sho'^^s a white patch 
when it is cracked and opened. 

The light seeds or float<T8 are also tested and if they contain less than 60 per cent, 
good 8(ied, they are burnt. If there are 60-60 per cent, good, they are put back in the 
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pits for four or five days and then again put in the water-tank. The sinkers are 
tested as before. 

The sinkers wliich have passed the test are dried weekly in the sun and the split 
s(^ed removed. Split seed, however, is (capable of growing good j)Iants. 

It will be understood t hat on puttuig out a s(*ed ganh'ii it is necessary to pick 
the 8(^ed l)U8hes with can^. Broadly spt'aking, tluTc are. fcnir varieties of tea busli 
seen in tea gardens in North- l^ast Ind a, the China, the Assam or light leaved 
indigenous, the ibiritui or dark-leave<l and the Manipuri bush. In the plains 
districts of North- Kast India tlie large-leaved varieties are }>referr(‘d. The dark- 
I(*aved bush is hard’CT than the light-h‘av(‘*l Assam bush, and altlujugh both yi(d<i 
about tlu^ sam(‘, the Assam bush is thought to give the better tea. In Darji‘<*ling, 
where the climate is seven*, the China tyjM* of bush is pref<*rn*<l. In the Dooars 
and tlu* Surma Valley, where climatu* con<liti(ms are often dillicult, the dark-leaved 
vari(‘ty is favoured, but in tlie Ibahmaputra Vall<‘y the light-leav(*d imsh of the 
Assam, Burma or Manipuri varieties is preb‘rred generally. 

Light-leaved seed bush(*s yield about 5 rnaunds of s<‘<h 1 j>er acn* and dark-leaved, 
alK)ut double that ijuantity. 

Tea is jdaiiLnl out from H(‘ed which it is pref(*rable to g(*rminate before })lanting 
in tfu! nurs(*rv. This does not ensure better plants but a more even nursery. The 
vS(H*d is generally available in November or l)<‘C(‘mb<‘r and tlu* nurseries are [mt out 
as (*arly as possible. 

The nursery b(‘d is iisually made in the jungh*, (‘onvenientlv near tlu* area to be 
planL‘d. The soil is thoroughly el<*aned but not ho<‘d to(> (h*eply, otherwisi* the 
lifting of clods when th(‘ se<*dling is trans|)lanted is a diliiculty. The seeds are 
planted at distances varying from \ inelh‘s to << ineln‘s sijuare a(‘<‘ording to the age 
at which the plants will be lifted. Kx]><'rinu*nt had slunvn that the following dis- 
tances are advisal)lc : 

For 6 months plants, plant 5 in. apart. 

n ^ »> >» 

24 10 

Tin* seed bed which is nsually about 5 feet wide is \V(‘1I drained and shaded, 
eitluT by gniss laid on as a mulcli or by overhead grass shading, sup]H)rtod by a 
bamboo frami^work. E.xperiments have sliown that shade about 5 feet high 
yields the best results. In a season which starts witli a bad drought a nursery may 
be a total failure unless it is shaded, and even in gotxl years, shading iiureiim's 
tlu* number of sut'cessful seedlings by as much as 50 |kt cent. Shade is 8ometin)es 
providtMl by sowing dhaiiudia (Si'sbania aculmta) near the beils during thi* first spruig. 

The seeds are planted about half an inch d(*ep with the (*ye downwards. This 
lattiT is an imjK)rtant ix)int, because a straight gocKl tap roof, without any twist, is 
iKM^essary to a g(XHl tea plant. If the tap root is not sound or if it is <IamagtHl or cut 
in transplanting, it is likely that the bu^h wjien it niatures will be a poor leaf yieldcr. 
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Tea seedlings are generally replanted at about 8 to 14 months, and only selected 
plants are removed from the nursery. The plant is lifted intact in a clod of earth. 
If the clod is broken during lifting or in transit, the plant is discarded, otherwise it 
is carefully carried to the clearance where a hole has been dug for its reception. 

Sometimes seed is planted at stake in a clearance. It is usual in such cases to 
])lant three or four seeds at each stake and to uproot all but the best when the seed- 
lings have grown big enough for selection. In the case of a bad drought, seed at stake 
suffers badly since it is usually impracticable to water a large area. 

In many cases “ carrot ” planting, by which method the plant is lifted without 
the clod, has been tried, but this method does not yield such good plants as does the 
clod method. In Ceylon and South India “ stump ’’ planting is a general method. 
With stump planting the seedling is cut a few inches above the ground and then 
uprooted and replanted. Most planting in North-East India is done in the dry 
season and on this ac.couiit the clod method gives such better results. 

When planting out new areas, 8-12 months old plants are best, but for infilling 
vacancies in planted tea or for r(‘-j>lanting old tea lands, older plants are often used. 

The usual distance apart for planting tea bushes is 4 ft. G iiuhes triangular which 
gives 2,483 bushes per acre. There are on an average about 16,1KX) tea seeds in a 
maund (80 lb.) and about 3 or 4 acres of ti^a are planted out from this number of 
seeds. The loss is accounted for by bad seed and weakly seedlings. 

Pruning. 

Growing wild the t(5a plant is a tall shrub and it is converted into a bush of 
conv(uiient })ln(*kable height by pruning. 

The young tea jdant is made into a bush by one of two methods. The first 
is to let it grow for 2 or 3 years and then to cut it b(‘tween one and four inches above 
the ground. By this method a secondary or coppice growth is induced and the bush 
takes on a spread. This method was once popular in Assam but has lately l)een to 
some extent changed. Another method is to cut the young plant straight across 
at about 1 8 inches and to remove one or more of the central branches. By this meaufi 
the bush is made to spread without cutting a thick piece of wood. 

At the Experimental Station at Tocklai many methods of forming a young 
tea bush have been tried, and the conclusion arrived at, is that centring is prefer- 
able to collar pruning, as low cutting is termed, forgiv^ing a big crop during the early 
years. After collar pruning the next cut is sometimes made as high as about eighteen 
inches or j ust below one foot. The lower cut gives a wider bush than the higher one. 

Most of the tea at least 90 per cent, on established gardens — consists of 
formed l)uslies which are top pruned each year or every other year. The object of 
toy) j)runing is to cut the bush back leaving abo\it one inch of last year’s wood and 
at the same time removing weakly twigs. Thus each year the woody portion of 
the bush gets higher, until finally it is too high to pluck. When this is the case ihe 
1 ush is heavy j)runcd. 
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Heavy pruning is undoubtedly the most diiEcult problem in pruning. In Upper 
Assam it is common to cut the bush right down to the ground at intervals of 20 
years or less, and to build up a new frfime again. In other districts it is the custom 
to cut the bush through where the spread is fairly broad, back to thick wood. In 
this case the bush sends out new shoots from an inch or often much more Indow the 
cut and a dead })iece of wood remains. These dead snags form entry ]>lace8 for 
fungus diseases which may kill the entire branch and eventually the buSh. The 
more healthy the bush the less are snags liable to form, and on this account it is 
advisable to manure tea well and to pluck it lightly the season before it is cut back. 

In Ceylon, South India and .lava, where the bush flushes all the year round, it is 
usual to prune every other year or at some of the higher elevations every three, four 
or even five years. Such a custom also holds in Darjeeling, not because the bushes 
flush continuously but becau8<^ the growth is slow. 

In many districts in North-East India it is customary to leave a large percentage 
of the tea unpruned each year. Thus when the bush stops flushing in November 
or December it ivS left till the next March or April, when the spring flush a])})ear8, and 
is then again j)lucked. The advantage from this system is that the crop is gather- 
ed early when labour is available. A grave drawback to un})runed tea is the risk 
of s<‘v<Te early drought, in which case the bush carrying full foliage suffers 
badly. Another disadvantage is that unpruued tea invariably suffers from fungus 
attack and from reil spider much more than does pruned tea. 

At the end of the plucking s<uison it often happens that the top of the bush is 
irregular because it has not been })()ssib!c to pluck the leaf as fast as it grows. In 
this cas<» “ skifting or switcliing ” is sometimes practised. This consists in 
(uitting tlio bush across level, just below the last seasoii\s ])lucking marks. By 
this means th<‘ foliage is reduced and a flat plucking surface is formed, ready for the 
coming season. 

Tea cannot In* left unj^runed indefinitely for with each season the leaf becomes 
smaller and more diflicult to gather and eventually too inmh flow<*r is prodiu'cd 
at the ex{>en8e of lt»af. In addition, leaving bushes unpruued is a strain on the plant 
and one year of such treatment is generally considered enough. A})art from the 
problem of labour for plucking and pruning, the gain from biennially j)runed tea 
over annually pruned tea is small over a period of years, even in the altsence of 
severe droughts. 

The best time for collar pruning tea in North-East India is September, when the 
food stores of the plant are at a maximum. This is seldom carried out in practice, 
aowever, because it entails the loss of half the season's crop on the collar pruned 
area. In priming, the effect of the drought must always be kept in mind, for the 
conservation of soil moisture is a problem of prime importance. A bush in full 
foliage takes much moisture from the soil and it sometimes happens that if the 
pruning is done at the end of February or in March, the soil has become so dry 
that when the spring flush appears, as it does whether the rains have started or 



264 


AGRlClTLTUEAIi JOURNAL OF INDIA 


[xxm, IV. 


not, there is insuflScient soil moisture for it to carry on. The result is a bad start 
to the season. Top pruning is done in December and January, followed by deep 
cultivation with which the prunings are buried. 

Plucking. 

After a bush is pruned, buds burst from the wood and a new shoot begins to 
grow. The first leaf that unfolds is not a normal, serrated leaf, such as usually 
grows on the bush, but a small, smooth edged leaf known as ihv jamon (Hind.- 
birth). The next leaf may also be misformed, but usually is of normal growth and 
size. 

If the shoot is left to grow and tJie bush is vigorous, it ('longat(‘s throughout 
the. season, growing fastest in tlu^ spring and autumn. If the bush is a weakly 
one or if th(i branch is W(‘ak, as Fuaiiy side, bra.jich<*s an*, after the growtli of four or 
five heaves comes a resting period, during whhdi the bnd ceases to grow or becomes 
banjhi (Hind.-- st(‘rile), but the leaf b(‘ijeath it develops normally. Aft<‘r a variable 
period, perhaps as long as twelve w(’('ks, the bm}jhi shoot again begins to grow^ with 
the formation first- of n jiumm l(‘af, and then of a sc'rirs of normal leaves. 

It is common to pluck two leaves and a bud for tea making, although often 
thre(‘ or four leav(‘s an* taken if the object is to make a largi*- crop rather than a line 
t(‘a. In North-East India it is usual to fix on a j)Iiieking height and to take all 
shoots of two leav(‘s and a Inul which a|)pear al)ovc* tins lieight. This height, 
measured from the ground, is seldom below 27 imdies and is often mu(di higher. 
On tea w’hich has been nu'dium pruned at least 1) inches of mwv growth is alhnved 
before plucking. On a top prun(‘d bush 6 incJjes is left. Six inches equals about 
three l(*aves growth in the centre of a vigorous bush. 

The correet plucking of a bush is tin* niost im]>oii-ant operation on a garden, 
siuee too severe plueking may ruin the health of the bush and too light plucking 
may result in a serious loss of erop. When the lieigJit of tli<5 ti])ping, as the first 
plucking is calh‘d, is fixed, there are still st‘v<‘ral ways of jdueking subsequently. 
The most severe method is to continue to ])luck all slioots of two l(*aves and a bud 
which app(*ar above tin* plucking tabh^. A nn^re lenient uietlnxl is to let the new 
shoots grow^ to thrt'e heaves and a bud and tln*ii to pluck two and a bud, leaving 
one fully developtnl leaf. Jn some areas, notably the Dooars and Surma Valley, it 
is common to let tin* shoot grow to four leaves and a Inid and to pluck above two big 
leaves after th(^ first tipping. WJien the shoots have reached th<* second level, the 
next shoots are either plucked as soon as th(*y develop to two heaves and a bud 
above that level, or three leaves and a bud are allowed to develop and tw^o and a bud 
are p]iick<*(l. The bush thus gets higher as the season advances. 

As already stated, in some gard^ms w here the tea is vigorous, the bush is plucked 
(low II at the original plucking level, but generally some growth is given on the second 
flush and aft(;r that a level, plucking surface is aimed at. Often, owing to labour 
shortage, the sh(»ots grow long before they can be plucked and then only the top of 




TCA SHOOTS, NATURAl. SIZF., 

It IS usual to pluck two and sotndJines three leaves a id a bud. 
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the shoot can be taken. At the end of the season the tops of the bushes on many 
gardens thus present an irregular appearance. 

Nowadays the advantage of not plucking the sides of tlui bushes till tliey grow 
level with the plucking table is realized. By this treatimuit a greater plucking 
surface is obtained, for the sides eventually strengthen up till they art*, almost as 
strong as the centre. A still greater advantage accruing from this trt*atment is 
t liat the soil is cov<*red with foliage and weed growth retard(*d. 

In North-East India the bushes begin to Hush with the s]>ring impulse in April 
or May, and the first tipping is made at a definite h(‘ight. The. second Hush ( omes in 
about June, and the teas then made are well su})])lied with “ tip ' aiifl bring higli 
prices. The gardens of Upjx^r Assam produce*, much “ tip ” bccanst* the pruning in 
this area is severe and the early shoots profln(*e fat buds wbich, on rolling. <lisplay 
the ultimate bud leaves. These small leav«*s remain a giJde.n colour after manu 
fact lire, and const ituU* the “ tip.” Ihipruned tea or tea which has not b(‘cn cleaned 
out in the ju uning gives little ” tip."’ ^ 

There are, broadly speaking, six flnslies in the season althougli tlie bushes ar*^ 
pluck(*d every week if labour is available. After the s**eon(i Hush, widt h is a verv 
definite one, the othe‘rs are not well marked beeaiist* shoots growing from axils below 
the pliK'king table in time reach the plucking It^vcl and givt* a contimums supply 
of leaf. 

The autumn teas usually possess flavour which brings big })ii( cs. The flavour 
is b<*liev<*d to be due to the slower rate of growth at this ])eriod. During the hot 
rainy season, a shoot takes about three we(‘ks to develop from an axil afttu* tlie shoot 
above has bet‘n ]>lueked. In the autumn, the growth may take as much as six weeks 
acconling to climatic conditions. 

Plucking may be coarse or fine, <‘h>sc or hmg. Fine plucking consists in two 
leaves and a bud and coarse plucking in three or four leaves. Fine plucking makes 
for (juality. Tlie composition of a sh<H>t by weight is shown la‘]o\v. 

Had ......... 14 of sh<M)t 

Kirhit It af ........ -1 

Second k*af ....... ,‘IH ,, 

Stalk 27 „ .... 

100 

The tannin content of the various leaves and stalk are shown below. 


'ratinia 
[XT . 

Bud 27t» 

leaf ........... 27 1) 

StTond leaf . . . . . . . . . . 21*3 

Third huif 17*8 

Fourt-h leaf 14-5 

Vpj>cr stalk (Bud to m*cond k^f) . . . . . . . 11*7 

lx)wer stalk (2nd to 4th K'af) 0-4 
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Long plucking means plucking at a distance from the old wood of a bush. Tea 
which has been heavy pruned must be plucked on a long growth of new wood, other- 
wise the bush suffers. As the bush gets older and the top wood thickens up, the 
plucking may be made close, to within about six inches, of this wood. Close plucking 
makes better tea than long plucking, and the best tea is made by plucking close and 
fine. 

(To be continued.) 



INDIA AND THE LEAF TOBACCO TRADE OP THE BRITISH 

EMPIRE. 


liV 

F. J. F. SHAW, D.Sc., A.R.C.S., F.L.S.. 

Off(j. Im/perial Evommm Botanist, Pusa, 

Thk })rinci])al feature of the British tobacco trade iu recent years has been tin* 
increase in the consumption of tlie cigarette tvj)e of tobat'co and the relative* decr(‘as<* 
iu the consumption of the tyj)es used for pipe tol)acc()S and cigars. Tlie im]>()r1s 
of tobacco into tlje United Kingdom are larger now tlian before tlu* war and 
American briglil tlue-cured tobacco, whi(‘h in England is })opularly called 
“ Virginian,” constitutes the bulk of the tobacco used in the British industry. In 
recent years the tobaccc» trade of the United Kingdom has shown a steady increase 
in the use of tobacco grown witlun the British Em])ire and the increasing 
share which Emj)ire grown leaf now takes in the tobacco trad(* of the United 
Kingdom may be gauged from the following figures, wliich show the ])ercentagt‘ 
shares of the Empire and foreign (fountries iu the total im]>orts of h^af t(>bac(‘o 
into the United Kingdom during the last (> years and l)efore tlie war. 


Percentuge shares of Eni}nre grown Imf and foreign grown leaf in the inrporfs of 
unman afa^'tured leaf tohiwco into the United Kingdirm. 



UK0M3 
average 
annual 
|H‘r cent. 

1022 

Per eent. 

1023 

Per eent. 

1924 

Per eent. 

192r, 

Per eent. 

192(i 

Per t ent. 

1927 

Per lent. 

Eii>j>iro grown i«*uf 

1-3 

OH 

80 

100 

lOO 

151 

1 8 ■ 4 

American grown leaf . 

88-0 

00*2 

890 

800 

80] 

81-9 

79-9 

Other fortMgn grown leaf 

10-2 

30 

30 

3 4 

3-9 

3 0 

17 


100 

100 

100 

UK) 

1(H) 


ItH) 


The total consumption of leaf tobacco in the United Kingdom has increased 
from 185 million pounds in 1922 to 222 million pounds in 1927 ; the fall of 10 per 
cent, which has resulted in the share of American leaf in the total im])orts into the 
United Kingdom corresponds to an actual rise in the total quantity of inqiorts 
from America, imports from America being 167 million pounds in 1922 and 177 
million pounds in 3927. On the other hand, the fall of about 8 })er cent, in the share 
of other foreign grown leaf in the total imports into United Kingdom con esponds 

( 207 ) 
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to an actual fall in the imports from these sources from 13 million pounds in the 
pre-war period to about 4 million pounds in 1927. The increased use of Empire 
grown leaf has not therefore affected imj)ort8 from America as seriously as it has 
those from other foreign countries. 

The actual amounts of Empire grown leaf tobacco importt*d into the United 
King<lom during these years are as follows .■ — 


Yearly average of 1909-13 
I 111 porta in 1922 

„ 1923 . 

.. „ 1924 . 

„ „ 1925 . 

„ 1920 . 

„ „ 1927 . 


^ II). 

1,< 198,000 

12.054.000 

12.89.5.000 
19,297,(KM) 

18.921.000 
29,79r»,0(K) 
40.94 


The increas(^ in tin* consumption of Empire grown leaf has been steady and 
rec(‘iv(‘d a great stimulus in 11M9 when a tariff prehuence of one-sixth of tln‘ ordinary 
rate of duty was grant t‘d to Empire grown to))acco. This was increased in 1925 
to one-fourth, and in 1925 this preference was stabilised for a term of ten years. 
The pres(‘nt full rate of duty on unmanufactured stripped tobacco im[)orted into 
the Unit(^d Kingdom is eight shillings and ten pence half })enny (8 19J) per ll>. if it 
contains J9 per c(*nt, or more moisture and nine shillings and ten ])ence (9-19) per 
lb. if it contains less t han 19 per cent, moisture. The [>referential rat(‘H are six 
shillings nine and seven-eighths ])ence (()-9|) on tobacco containing 19 per cent, or 
more moisture and seven shillings .six pence three farthings (7-()J) on to})acco con- 
taining less t han 19 j)er (Muit. moisture. The saving of over two shillings per pound 
in the (luty on hjinjiire* grown le.af, in com[)arison with that on foreign grown 
leaf, has led to lower retail ])rices in certain (dasses of cigan^ttes on the market in 
the United Kingdom and the j>iil)lic are slowly acfpiiring a taste, for Em[)ire grown 
tobacco. At t/he present nu)ment no ])art of the Empirt* has succ(‘ed<*d in producing 
a tobacco which can be substituted entirely for t American leaf in the manu- 
facture of higli grades cigarettes ; the Empire grown h^af can, however, he used 
in conjunct'ioji wit h the American leaf in the? inaniifacturt* of lower grade cigarettes 
and is being so us(*d on an increasing scab? in Great Britain. 

Many territoric's of the Empire are sharing in the* imj)ort of tobacco leaf to the 
United Kingdom. Some of the finest Em]>ire grown leaf is grown in Nyasaland, 
wher(‘ European settlers have effected great improvements in the })r()duction of 
blight h‘af ol high quality. This isreflectc'd in the exports from Nyasaland to (jreat 
Britain whiclj have risen from a yearly average of J. 592.999 lb. in the ])eriod 1909-13 
to 4,899,900 lb. in 1921 and to nearly 14,099,999 lb. in 1927. In lihodesia, as in 
Nyasaland, there has been a steady improvement in the (juality of the tobaccos 
produced by tlie settlers and the exports have risen from 53,9(K) lb. in the pre-war 
jjeiiod to 2, ,>90, 909 lb. in 1926. In botli countries, however, the bulk of the tobacco 
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crop still consists of [)oor quality dark leaf produced by native cultivators. Canada 
lias shown a marked response to tlie preferential tarilT granted to Empire tobaccos 
in the British market and th<» j)roduction of tobacco in Canada has increased from 
a yearly average of about 9,(KK).000 lb. Ixdare the war 1o the ripcord of m‘arly 
44,(KHb(KM) lb. in 1927. Canada has a considerable advantage over some other 
parts of the Empire inasn)ucli as she lias a sphmdid market for her tiibacco [»ro- 
diudion at liome as well as liy export to the United Kingdom ; the increasing im- 
portance of this export trad<? is shown by the fact that e\})orts from Canada to 
the United Kingdom havi* risen from a yearly averagi^ of 2,(K)(t lb. in the pre-war 
period to 4,9(M},tM>0 lb. in 1929. 

Imlia’s shaTii in the imj)orlH f>f Empiri* grown leaf into the United Kingdom 
is an important oia* and, in fact, until M927 India supplied a larger amount of leaf 
tohaico to the CnitcMl Kingdom than any other part of tlit* Knijure. Ot the total 
imports of Emjiin* grown leaf into the CnitiMl Kingdom, tin* |a‘rc(Uitage quantity 
craning from India has in recruit \ears bemi as follows :■ 
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Of t in* total rexpmts of unmanufact unsl h*af toliai (•<> from British India, tlu‘ United 
Kingrlom takes a \ erv much larg<*r rpiantity than any otlnu* country. Aden. Straits 
S(*t tleineiits, ^^•rh*^at(‘d Malay States and Ibmgkong are tin* next largest customers 
witJiin tin* Enijiirt*, and among fon*ign lountries Oeimanv, tin* Nr‘t ln*rlands and 
Japan are the biggest consuiin*rs. Exports <»f unmanufactured tobacco from Imiia 
w'hicli aniount<‘d to 27 million pounds in 1922) reacln*rl tin* recrvrd tigma* of 47 million 
pounds in 1924 but declined to 2)2» million pounds in 192b and to 2S millimi pounds 
in 1927, Of tliesc* exports the annual proportion consumed by tin* United Kingdom 
was as follows : 
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iJuring these years the proportion of India's total (*xjn>rt.s of leaf tobacco con- 
sumed by countries within the. British Empire varied from approximately 50 to 
75 per cent. 
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Tlie feature of these figures is the preponderance of Empire territories in the 
consumption of this valuable export and the steady ris<^ in the proportion of the 
total export consumed by the United Kingdom. It is worth noting, however, 
that in the last year (1027) India provided only 20 per c(;nt. of the total amount 
of Empire> grown tobacco consumed in the United Kingdoiri instead of 40 per cent, 
as in ])receding years. Up to the present Indian leaf has been used in the United 
Kingdom principally for mixing with other leaf in the prt‘j)aration of pipe tobaccos 
and for this purpose a bright yellow leaf is not so essential as in the jneparatiun 
of cigarette tobaccos. It is significant that those Em})ir(‘ sources of suj>j)ly from 
which more tobacco was imported into the ihiited Kingdom in 1027 than in ]92(), 
})arti(5iilaTly Nyasaland, are making evejy endeavour by scientific cultivation, seed 
selection and up-to (kite curing eijuijunent to ])roduce a t v])e of cigarette tobacco 
whicdi will compete fa\'ourably with that imported from America.. The future of 
the tobacco trader apj)ears to lie more and more with tlie })roduct ion of the cigarette 
type of tobacco and the declim* in the imports of IndiaTi grown leaf into the Ihiited 
Kingdom, r(}lati\'e to leaf grown in other ])arts <»f the hhnjuie, which is shown in 
1027, suggests that an organized scientific effort to produce bright tobacco in India 
will liave to b(‘. made if India is to maintain her ])osition in the maidvct of Great 
Britain. 


Annual^ iw ports of vfi'ntanvfcichJred leaf tobacco into the United Kingdom from 

Emjrire and foreign sources. 



1909*13 

yearly 

average 

m 

1923 

1924 

1 925 

1926 

1927 

Eiopirf; — 

Britiftli India 

21 

3,935 

m 

8,412 

7,786 

11,854 

8,448 

Canada .... 

2 

855 

956 

1,787 

1,859 

4,914 

t 

South Air lea 

28 

59 

51 

197 

24 

488 

t 

lUiodeaia .... 

53 

300 

367 

720 

1,031 

2,806 

t 

NyaHaluiid .... 

1,502 

6,735 

5,891 

6,882 

7,070 

0,084 

18,887 

Britiah North Borneo 

7 

593 

894 

840 

8.30 

895 

t 

Other Britlwh poHHt^Bions 

85 

1 117 

161 

463 

322 

256 

18.606 

Total 

1 ,«98 

12,654 

12,895 

19,297 

18,921 

29,795 

40,941 

foreign — 

United States 

llfi,288 

166,822 

154,859 

156,988 

162,719 

161,410 

177,612 

Other foreign countrieB . 

18,430 

5,881 

6,284 

6,187 

7.841 

5,998 

8,870 

Total 

129,718 

1 72,203 

160,143 

103,125 

170,060 

167,408 

181,882 

(JBANl) TOTAL 

131,418 

184,857 

173,0.38 

182,428 

388,981 

197,204 

222,828 


• Year euda 3l8t Dtcfniber, sUitecl In Uior,*aiid lb. 

t Separate figures not available. 













LONGEVITY OF CROP SEEDS. 


BY 

K. M. SONAVNE. 

Seed Testing Section^ College of Agriculture, Poona, 

In the course of our seed testing work, we have often found seed samples, 
apparently quite sound, to be defective in germination. Age was usually suggested 
as tlie reason, but we had no j)recise data regarding this point. There is a common 
belief that crop seeds more than a year old do not germinate satisfactorily and that 
an addition of another year renders them completely unlit for use. With a view to 
ascertain the facts, a longevity experiment was conducted in the seed-testing labora- 
tory of the l\)ona College of Agriculture. The experiment is now in its sixth year 
and judging from tln^ r(isults ol)taiiied so far, it would appear that it will still be 
several years before the seeds entirely lose their viability. Seeds from crops grown 
on the College Farm were used for the tests. Eacli sample after drying and cleaning 
was divided into sixteen sub-samples stored se])arately in glass botth^s with a 
naphthaline ball in each bottle. The bottles were then sealed. Each bottle contained 
about t oz. of seed. One bottlefid was a velar s sample and was tested once every 
three months, the bottle being resealed after each test. 

The germination tests were carried out indoor in the laboratory by simple 
iiKit-hods. Exce[>tiug bujri (Penmsetnm tgplmdewn) and hi {Semmum indicu7H), 
all the seeds were tested in flower pots which were idled up with dry leaves or cuttings 
of kiilbi with a tliick layer of line sand on the surface. Water was supplied by 
capillary action from below. Bajri and til, being tiny seeds, were tested in small 
porous petri dishes which were placed in a seed germinating incubator. 


Average germitiatmi percentage each year {average of the four annual tests). 




CkKMINATIOT^ PKlMJKNTAaE 

Common name 

Lk>taui<:al uaruo 

11)22 

1923 

1924 


1928 

J^jri 

Penni^elum lyphoidcum 


93-8 

89- 1 

87*0 

81-2 

Jowar 

A ndropogon Sorghum 

89-7 

90-7 

90-8 

84*5 

79*1 

Wheat 

TriHcum aaUvum , • 

97-0 

98-2 

97-3 

99* 1 

98*1 

Maize 

Zea Mays * • « 

980 

97-3 

98-2 

898 

88*7 
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Average germination percentage each year {average of the four annual tests) 

— contd. 


Gemination perokntaqk 


Oomroon name 

Botanical name 

1922 

192:1 

1924 

1925 

192G 

Tur 


Ctijanm indices 


H9-2 

9M 

88*1 

87*1 

Muy 


Phasenlus mtitt/jo 

77-2 

9;m> 

97*1 

91*5 

91>*7 

Matki 

• 

PliastoUl'} uvonihjoliu'i 

tK)-2 

93-8 

93*7 

91*0 

93*3 

Udid 


Phise/dus miuujo var. rad'ui- 

iUJi. 

i ^ 

98*1 

97*3 

97*7 

98*3 

Gram 

• , • 

Cicer arietinum 

IHjC. 

99*8 

98*0 

93*2 

97-5 

Ilulya KvUi 

• 

JJolicho^i hijlorns 

WbO 

98*5 

98*2 

98* 1 

97*0 

Kabuli gram 

• 

Cicer arietinum 

1 

97*0 

99-0 

98-7 

90-7 1 

97*2 

Cotton seed 

• 

Gomjjii'um ncjghctum 

58*6 

67-3 

58-0 

£>5*8 

53*3 

Grf:>undnut 

Jai>an). 

(Small 

Arachis hypogea 

92-6 

i 

74*5 

00*2 

28*5 

23*8 

Hafllowcr • 

• 

Carthamvs tinctorius 

07-3 

98*5 

9G-G 

9()*0 

94*7 

Til . 

• 

Semmum iridicum 

8r>-() 


HTj-O 

79*2 

80*5 

Linseed 

• 

Linum usiialisaimum 

98'C 

ililllH 

93*7 

1M*1 

93 0 


It will be seen from the foregoing table that excepting groundnut and bajri 
all the crops that have been tested have maintained a high percentage of germi- 
nation throughout five years without appreciable decrease. Groundnut, however, 
rapidly lost its viability, especially after the third year. A comparative graph 
i)f the behaviour of jowar and groundnut is given in Chart I. Bajri seed retained 
its high germination for four years but fell off in the fifth. The pulses are specially 
noticeable for their continued high viability. The pulses mug and udid gave a 
germination percentage of 60*5 and 21 respectively when tested in January 1922 
immediately after harvesting, the remaining seeds being impermeable hard 
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seeds which gradually became permeable in the course of nine months to a year 
and then gave almost 100 per cent, germination. 
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The following table and Chart II illustrate the gradual increase in germination 
and fall in the hard seed percentage (seed which subsequently became permeable). 


Gradual decrease in “ hard ” seed 'percentage, 

1922 



Mug 


Udid 


Month of testing 

Gorinination 

Hard sotid 

^Muiith of trusting 

(jicnnination 

Hard seed 

January . 

50-5 

per cent. 

45 

January 

2l 

pi.*r ct‘at. 

1 75’5 

March 

Sl-5 

i; 

March 

72 

25 

June 

81-5 

9 

Juno 

99 

0 

Octolxir , 

92-5 

4-5 

October 

97 

0 












The presence of hard seeds and their beha\doiir in storajLre has alread}" been 
(bscuBSed by Prof. G, B. I^atwardhan, Assistant Professor of Botany, College of 
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Agriculture.^ It was shown that mug and udid which just after harvest show the 
presence of a large number of hard seeds or seeds impermeable when tested for 
germination after about a year germinate readily. The usual procedure in seed 
testing is to consider half the number of such hard seeds as germinable on the assump- 
tion that those seeds may germinate at some future unknown date when sown in 
the field. As a matter of fact in this respect nothing reliable wais known till the 
present work was done. The presence of such hard seeds was found to be so enor- 
mous that Mr. G. D. Mehta, once in charge of this seed testing section, recommended 
scarifying such seed so as to obtain uniform germination. ^ The present work shows 
that scarification is not necessary. Given time, the hard seeds will genninate. 

The seeds when stored for this experijiieiit a])peared to be free from living weevils, 
yet one mathi sample which was sealed by over-sight without a naphthaline ball 
was so damaged by weevils that within a year the contents became a heap of un- 
recognizable rubbish, while all the other matki samples in which the naphthaline 
halls had been placed were flee from w^eevils. This clearly ])roves that the na])h- 
thaline effectively prevents hatching or growth of weevils in seed. The only 
objection to the use of naphthaline is that it renders the seed useless for human 
food. This objection, however, does not affect seed stored for sowing. 

The figures given justify the following statements - 

(1) With the exce])tion of groundnut and to a less extent bajri, the croj) seedv*^ 

tested have lost little germinating power over five years. 

(2) The so-called hard ’’ seeds of the pulses tested lose their hardness within 

a year of harvesting and storage. 

The experiments are being continued. 


1 Poona Agri. (College Mag., Vol. XIX, No. 1, July 1927, p. 5 (Hard coat©<l soody aad their vifcAlity). 
^ Bombay Agri. Dept. Bull. 37 (1910), pp. 15 and 17. 




A PEELIMTNARY NOTE ON THE EFFECT OF MANURIAL 
CONSTITUENTS ON THE QUALITY OF SUGARCANE 
JUICE AND GUR. 

BY 

P. B. SANYAL, M.Sc., 

Assistant to the Imperial Agricultural Chemist. 

TffE major portion of the cane grown in India is utilized for the production of 
g}ir (unrefined raw sugar), and consequently any factors which affect the quality 
of tl\e also affect the quality of gur produced from it. Whilst these differences 
may be inapprecial)le in the high quality thick canes, the same does not hold in 
regard to the thin canes of inferior quality grown in Nort<h India. Here a reduction 
in quality may readily lead to the production of a very inferior gur. 

During the last five years a number of analyses have been made under varying 
manurial treatments which seem to indicate that the quality of the cane juice was 
aih^cted very a])preciably by the manurial constituents applied, and with a view 
to test this observation a s(‘ries of duplicate plots were laid down at Pusa in February 
1920. The cane selected for experiment was Co. 213 and all the plots received 
identical treatments except in the manures applied. 

The scheme of manuring was as follows : — 


Plots 

Manuix' applied 

Rate 

1 and {\ 

SuyKjrphosphate ...... 

P, Oj — 100 lb. per acre 

2 and 7 

Sulphate of potash ..... 

K,0— .W,, „ „ 

S and 8 

Sulphate of ammonia ..... 

N -120 

4 and 0 

Cyanamidc ....... 

N -114 „ „ „ 

N -120 

5 and 10 

Mustard cake ...... 

K, 0 - 20 „ „ .. 

P. 0.- 53 .. 


The manures were applied in two doses ; one-third being given on March 3rd, 
after the germination of the sets, and the remainder on June 2l6t. Occasional 
irngations were given according to crop requirements until the break of the mon- 
soon. 

Effect of manure on the quality of juice. 

Periodic analyses of the sugarcane were made from November and continued 
until Ist February, 1927. The average results of the analyses of sugarcanes from 
plots are given in the following table and are also plotted as graphs in Charts I, 
II and III. 
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2 8 - 



0-2 ' I > I > > > > 

Days 0 10 20 30 40 50 60 70 80 90 100 110 


to ZO ZO to ZO 30 3 to Z9 8 W 

Date jrov. mv. jrov. jom- oec. dec. jav. jav jaht. fed. Ted. 

(.HAJiT 11, Effect of manure on the pcrio<iic variation of glucose in sugarcane juice before harvest. 
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Ba\s 0 10 20 30 40 50 60 70 80 90 (00 110 

ZO 30 S 19 Z9 

Date Aov nov. Jtav. dec, nmc. dec, jax jjut, jan. feu fee. 

Chart III. Effect (if mamur on the pi'i imlic variation of eo-ofificicnt of purity of suparc’ane juice 
before harvest. 

These results show that in all the plots the sugarcane attained maturity by the 
first week of January and maintained the sucrose content of the juice and the purity 
fairly well till the end of the month. The graphs for sucrose, however, reached the 
highest points by the end of the third week of January. 

It is evident that superphosphate has the greatest influence in })roducing a 
juice with the highest purity and sucrose content throughout the whole period. 
The graphs for the purity of juice and the sucrose content run higher, and the graph 
for the glucose content lower than all the others. In other words, it may be said 
that superphosphate has the effect of improving the quality of the juice. 
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Sulphate of potash also appears to maintain a juice of high purity, whereas 
sulphate of ammonia gives the lowest graphs for sucrose and purity and the highest 
one for glucose. The latter manure would, therefore, appear to exert a depressing 
influence on the quality of the cane. 

It is also significant that in the case of both mustard cake and cyanamide similar 
sucrose graphs were obtained at first but later on the sucrose graphs for mustard 
cake showed an abrupt rise, while that for cyanamide followed a course similar 
to one given by sulphate of ammonia. Cyanamide, therefore, like sulphate of am- 
monia, tends to produce a juice of low quality, whereas mustard cake in the later 
stages gives an intermediate value. 

It may be inferred from these results that Po O 5 and KgO tend to produce juice 
showing a higher quality and sucrose content than do artificial nitrogenr)us manures. 
Organic nitrogen in the form of cakes tends to give intermediate values, }>ut in this 
case the influence of P .)05 and K 2 O in the cake requires consideration. 

Effect of manure on the quality of oiui. 

In order to study the effect of manures on the quality of gm, the sugarcane juice 
from the various plots was clarified by Horne’s^ super-defecation method (simpli- 
fied) to be d(‘, scribed later on, and boiled down in an ojxjn pan until the temperature 
of the thick sjTup rose to 113‘^-J14°C. when the process was stopped. Care was 
taken to keep the conditions of clarification and boiling as uniform as possible. 
There was, however, some loss of juice with the sediment, the qiuintity of which 
varied within small limits and the yields of gur therefore are not strictly propor- 
tional to the sugar contents of the juices. There was very little inversion of 
sucrose during the process and in every (jase the gur juoduced was in the form of 
hard cake of light brown colour of much higher quality than is produced by the 
local cultivator. 

Samples were drawn from the first cake of gur prepared from each plot and ana- 
lysed and the average results of these analyses are given in the following table to- 
gether with the average analyses of the juice from which the gur was prepared. 


Horne, W. D. *Su|>er-d('feoation of eane Juice. .7. ]vd. En/jhi. Chrm^ V<)1. XVJ, pp. 7.‘12*733, 




Corap<»ition of juice from 
which gur waa 


















284 


AGRIOtJLTtJEAL ^TOURNAL OB' INDIA 


[xxm, IV- 


Tiieso results show very clearly that the gurs obtained from the superphos- 
phate and potash plots are of much higher quality than those from plots manured 
with nitrogenous manures. 

The gur produced from the superphosphate plots possessed the highest sucrose 
content (82*47 })er cent.) and the lowest amount of ash (2*88 per cent.), values 
which are closely followed by the gur from the sulphate of potash plot. It is notice- 
able however that the latter has a slightly higher purity value as measured by the 


ratio 


sucrose 

glucose 


The gurs from plots manured with artificial nitrogenous manures are comparia- 


tively very inferior in quality, yielding ratios (-^~^j^) of only 13 and 15 as com- 
pared with 27*5 and 29*5 in the gurs from phosphoric acid and potash plots. The 
mustard cake plot yielded gnr of similar low quality. 

It is also very significant that although the yields of gar from several plots did 
not differ very materially and also that the boiling process was controlled by the 
temperature attained, the gurs from the nitrogenous plots contain a materially 
larger proportion of water, a point wliich militates against their keeping qualities. 

The conclusion arrived at from a comparison of the different gurs are substan- 
tially in agreement with those derived from a comparison of the cane juices and may 
be put in the form that nitrogenous manures tend to produce juices and gnr of com- 
paratively low quality compared to those produced l>y the use of phosphate and 
potash manures. Consequently, in order to obtain the highest quality of g^ir from 
a given cane nitrogenous manures must be employed with extreme circums]>ection. 
Possibly, a solution of the problem of raising the greatest possible }'ield of cane and 
at the same time maintaining the maximum quality of juice and gur will be attained 
by employing nitrogenous manures, preferably cakes, in combination with lieavy 
applications of super and potash. 

It does not appear that nitrogenous manuring alone will accomplish this aim. 


APPENDIX. 

Clarification of sugarcane juice by Hornes super-defecation method^. 

A series of trials were undertaken both in the laboratory and on the large scale 
in February 192G to prepare a superior quality of gur from cane variety Co. 213 by 
Horne’s method. This method aims at securing the advantages of complete pre- 
cipitation of all the impurities that lime will throw down without suffering the dis- 
advantages of working up a highly alkaline juice. This was accomplished by liming 
the juice in the cold to slight alkalinity to litmus then heating it to boiling and 
finally adding a small quantity of phosphoric acid barely sufficient to precipitate 
uhe excess of lime. 


‘ Loc, cit. 
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For comparison gur was made by a country boiler by the country method and 
some cakes were produced by him according to special directions. Finally some 
cakes were produced by Horne’s process, certain modification l>cing introduced 
(luring the clarification of the juice and in regulating the temperature of the boiling 
of the juice. 

Samples w(ire drawn from the different cakes and analysed. Tin; results arc 
stated below (p. 286). 

From the results it will be mim that by the (country process a considerable amount 
of sugar was caramelised (cake No. 1) owing to the high temperature to which thi^ 
juice was boiled. There was also a good deal of inversion of sucrose owing to the 
strong acidity of the juice and tlu^ high temperature of boiling (cake No. 2). 

On liming and taking out scum, inversion of sucrose w^as prevented to a gr(‘at 
extent and the cake obtained w’^as quite hard but its colour was dark which deepened 
w ith time. 

Ill the case of the juice clarified by Horne’s process the gtir was comparatively 
high in purity, its (colour w'as light and it was (iistinctly crystalline. The nnuin 
composition of cakes Nos. 5-8 shows th(^ juoduct to be very superior in quality 
containing 81*69 per cent, sucrose, 3*1 ]>er (;ent. glucose and 1*95 per cent. ash. 
I’iie average quality of gxir prepared on a field scale by this method in 1927 from 
Co. 213 from plots treated w ith different manures is showm by the following average 
result of its analysis : — 

• Per cent. 

Sucrose 78*40 

Glucose 4*09 

Ash 3*18 

The additional cost of manufacture gur by Horne’s j)rocess was calculated to 
be a ru])ee per mauiul ol gur ; Imt this is off-set by the higher quality oigur produced 
w hich commanded a high price on the market. The gur produced at Pusa in 1926 
w as actually sold at Ks. 10 per maund, while the rate for local coimtry gut was Rs. 7 
to Rs. 8. 




KINGING AND NOTCHING EXPERIMENTS WITH THE MANGO. 


BY 

P. V. WAGLE, M. Ag., 

Mango Investigator, Ratnagiri, 

It is commonly knowji that the mango generally produces vegetative shoots 
in two or thr(H*. distinct flush(‘s during the year about Mar(di-A])ril, June>JuIy and 
( )ctol)er-NovemberA Tin'. flow<‘ring also similarly takes ])lace twice or thrice from 
November to March. Kvery tree does not regularly }>ut forth all the vegetative 
or Horal Hushes. Some tribes produce leafy growth either wholly or partly for one 
Hush only, while t)thers produce tlnun for tw'o or three of the flushtis. Hence, flower- 
ing also, which dt' pends inuc'.h upon the nature of the veg<‘tative growth, is not 
(juite regular. Vegetativi^ shoots of October and Novemb(‘r do not generally bear 
flower lu^ads that sijason ; while of those of tin* othcT flushes some bear and some do 
not. Thus in a particular si'asoji it (*an be set‘n that th(‘re, ar(* three* types of trees, 
viz., (I) trees which have fully flowered, (2) tre<*s whicdi have j)artially flowered and 
partially produced vegetative shoots, and ('^) tre(*s whicli have [uoduced vegetative 
shoots oidy and no flowers. The flowtTheads are generally terminal and are often 
borne on shoots six months or more in age and ])Todu(‘e in sj>ite of a large number 
of flowers oin^ fruit only on an average. With a view to s(‘e if the number of flower* 
lu'ads and consequently of fruit productMl can be in(Ti‘ased by ringing and notching, 
(’xperiuK'uts were tried during the season of 192b*27, and the results are d(‘scribe<l 
in the present note. 


Method of rincong and notching. 

As it is mostly the mature wood that is capabh* of producing flowerheads and 
as uot<‘hing is known to induce the lower dormant buds to grow,~ it was thonglit 
possible to influence any dormant buds on old wood to d(*velop into flowerheads. 
Accordingly notching and ringing w'ere tried with a sharp knife above a single or 
s('V(*ral healthy buds on old shoots within a foot or so from their ti]). Tin* ring or 
notch was about a quarter of an inch in width and penetratt‘d just down to the w ood. 
These trials were made once every month from November to March on the three 
types of trees described above. Ringing w^as also tried on old branches which had 
put forth vegetative shoots in October, just below^ the fresh growth. 


‘ W., and Prayag, S, H. The Bo*»k of Mango, Bon^my of Agri. Bidl. lOS (1920). 

^ Gheoma, G. 8., and Gandhi, 8. 11. Thu inHuonco of notching on the yield of tlie tig trees, 
Ayri. Jour, India, VuJ. XVllI, Part V. 
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Results. 

The results have been of considerable interest. The ring or the notch had a 
different effect in each of the three types of trees described. In the case of the tree 
fully flowered, the ring induced a number of the dormant buds below to develop into 
flowerheads — within about three weeks from the date of operation. The number of 
the flowerheads depends upon the number of the healthy buds present and on one 
branch as many as eleven of them were formed. Notching, however, produced one 
flowerhead only. These flowerheads developed normally and produced fruits just 
like the others. But on account of the larger number of flowerheads produced per 
branch by ringing more fruits, were obtained. Thus some of the ringed branches 
gave even four or five fruits, where ordinarily only about one fruit would have been 
obtained at the end of one flowershoot. The ringing and notching did not prevent 
the development of the terminal buds wherever they were healthy. But they were 
not so vigorous and the fruits produced were much smaller in size. 

On trees that had produced only vegetative shoots and no blossoms at all, the 
ringed and notched buds did not usually develop. Where they did so, they gave 
rise to vegetative shoots only. 

On trees which have only flowered partially, the results were quite different. 
In this case the flowering may be found to be scattered all over the tree or restricted 
to particular branches only. In the fornu'r case ringing mostly succeeds in pro- 
ducing flowerheads even from luanches which have put forth fresh vegetative shoots 
in October. In the latter, if the ringed luanc-hes hapj>(‘n to li(‘ on the blossomed 
side, they behave just like those on a fully blossomed tree described above ; while 
if they happen to lie on the vegetative side, they behave like those on a tree which 
has not blossomed at all. 

The trials were repeated from November to March l)ut were only successful in 
the first three months, viz., November, December and January. From February 
onwards the ringed buds on all trees either did not develop or produced only vegeta- 
tive growth. 


Theory. 

Physiologists seem to differ very much in their views regarding the exact effect of 
the operation of ringing on the physiology of the plant. Gandhi^ and Furtado® have 
tried to explain the views of different workers on the subject from the l>eginning up 
to date. The most modern idea is that notching or ringing in the bark brings about 
an interruption in the transpiration stream and thus helps them to sprout. But 
the question as to why they are sometimes vegetative and sometimes flowershoots 
still remains very obscure. But it does not seem clear that there is some definite 


* Gandhi, 8. R. 
1924. 

* Fnrtado, C. X. 


Investigations in fig culture and treatment. Bomhutj Dept. Agri. BuU. 117 of 
Theory of notching. Poona Agri. College Mag., September 1925. 



ipint' hdow the inm. Fi". 2 . Two fruits (lf\ eloping } eluw the riii^; t!i 

produced a {ruit. 

I f FIX I OF RI\(;iNG 0\ OFF) SIKKVIS OF A M\N(;o TRI:F. 






ILfJcct of a notch on an old shoot of a 
in October. One flowerhcad 


mango tree which produced fresh vegetative growth 
was prodiiccd which developed one fruit. 
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whom aW kxpibbihbhto with th« makoo 

condition in the shoots which bear flowers, which differentiate them from those which 
cannot be made to do so. Whether this is a special chemical substance or not is 
at present quite unknown, but the existence of some such condition is certain. 
Where it exists, ringing and notching seem to be one of the means of causing it to be 
effective in a particular case. 


Conclusions. 

(1) Notciiing and ringing on mature wood in the mango tree help the development 
of t)i(‘ lower bud or buds into flowerheads on trees whk^h are flowering fully and on 
some trees which arc partially flowering as described above. 

(2) If these operations are tried on trees that have produced only vegetative 
shoots or such brauche^s of a })artially flowering tree as have not produced flowers 
the bud or buds do not develop at all or develop into vegetative shoots. 

(3) The flowerheads developed by ringing or notching behave just like the other 
ilowerheads naturally produced but the fruits from the terminal flowerheads are 
smaller in size. 

(1) Notching and ringing help to increase the yield by giving rise to a larger 
mimber of flowerheads than those naturally produced especially from the branches 
that are dormant and those that have put forth fresh vegetative growth which is 
not likely to prod\ice any flowerheads during the same season. 

(5) The removal of th(‘ bark in ringing or notching does not harm the trees in 
any way as the wounds heal up in the course of t wo or three months. 



SELECTED ARTICLE. 

COREELATIONS OF SEED, FIBRE AND BOLL CHARACTERS 

IN COTTON.* 

BY 

THOMAS H. KEARNEY, 

Senior Physiologist in Charge, Alkali ami Droyght Resistant Crops, Bureau of Plant 
Industry, United States Department of Agriculture. 

Il^TR01>UCTI0N. 

The purpose of this contribution is to bring together in convenient form infor- 
mation in regard to the correlations existing among the charact(‘rs of ihv bolls, 
seeds and fibre of cotton. Numerous di^terminations have In^eui made at the 
Ujiited States field station, Sacaton, Ariz., chiefly on Pima and other vari(*ties of 
the Egyptian ty])c, but also on a second generation population of a liybrid between 
Upland and Egyptian cottons. The data obtained in Arizona are supplemented 
by reference to the published data of other investigators who worked chiefly with 
Upland cottons. 

With the exception of the above-mentioned hybrid, the material on which the 
correlations w(‘re determin(’d \vas more or less homogeneous, hiuice not suitable 
for revealing such linkages as may exist among the characters considcK'd. It was 
sought to ascertain the physical and jdiysiological interrelations of (diaracters that 
are of practical importance in cotton breeding, but the data thus obtained should 
be useful for comparison in future genetic studies. 

All correlations were determined by the product-moment method. 

Correlations determined on individual rolls of Pima cotton. 

The population comprised 50 plants scattered through two plots of the (commer- 
cial stock of Pima cotton at Sacaton in 1025. Ten characters were determined 
on from two to five bolls on each plant, only 5-lock bolls being used. Boll length, 
boll diameter, and boll index were determined on 250 )>olls and the other characters 
on 224 bolls. Each boll was tagged when measured. The external dimensions 
were measured on bolls judgi'd to be fully develo]>ed although still closed. The 
length and the maximum diameter of the boll were measured with specially designed 
calipers (Figs. 1 and 2). To check the first measurements, many of the bolls were 
measured again two weeks latiir, but as the second series was incomplete, the first 
measurement was used in plotting the correlations, except in 14 cases where the 
second measurement showed a noteworthy increase in one or botl^ dimensions. 
When these bolls had opened naturally, the dry seed cotton was gathered and was 
weighed on a chemical balance. The content of each boll was then ginned sepa- 
rately and the weight of the seeds was determined. The weight of the fibre was 
d(itermincd by subtraction. f 

* lU'printecl from Jour . Agri . JieM ., VoJ. 33, No. 8. 

f I’he (IcUjriiunatioiis of all cbaractors were made by George J* Harrison, Robert H. Peebles, and 
Dow D. Porter. 
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All correlations were plotted on the basis of determinations on the same indivi- 
dual bolls ; hence the nimi})er was in each case 224, except in the correlations of 



boll length with boll diameter, boll 
length with boll index, and boll 
diameter with boll length, in which 
the number was 250. Computations 
by the product-moment mc'thod w(*re 
made of all })ossible correlations of the 
nine characters se<‘d -cotton weight per 
boll, fibre weight j)er boll, lint per- 
(^entage, lint index, number of seeds 
])er boll, mean weight of the individual 
seeds, boll length, boll diamet(T, and 
boll index. The coefficients of correla- 
tion are given in Tal)le 1. 

Seed-cotton weight per boll shows, 
as would be expected, very high posi- 
tive correlations with (ihve weight per 
l)oll and number of seeds per boll. It 
is also positively and very significantly 
but not very highly correlated with the 
external length and diameter of the 



Fic. 1. ( aiiper (dc* boll, heiice it may be concluded that Cabj^r (desipned 

sijriicd by W. (;. Wt'llK) * by E. (’. (iiilcott and 

f«.r nieamiHiig the these external measurements of the 1. J. HiiggB)f(trmeHhur 

li Mgth of eoUtm bolls , „ , , i i . in- the diameter of 

without detaching them bdly developed but unopen boll give cotton bolls without IC- 


lixeci nrm if/.'iaro indication of tlic Weight of 
ilint the base of the j^g matured contents. Still lower are 

boll rests upon ita thin 

edge and the adjust- the positive correlations of seed cotton 
able plate ia moved . . i- x i t x 

along the vertical bar Weight With lint percentage and lint 


moving them from the 
plant. The angb* 
fonn cd by the diverging 
sides of the loo]» and the 
calibration nf the inter- 
vals (millimeteis) 

marked on them are so 


(scaled in millimeters) 
until it rests lightly 
u]»on the tip of the 
boll. T1 k‘ screw is 
tlien tightened and the 
reading is taken. 


index, yet both are significant (r/E 5*8 
and 9*0). The occurrence of positive 
correlations in these cases probably 
signifies that favourable conditions, 


calculated that when 
the loop is placed hori- 
zontally over the b<>ll at 
its point of greatest dia- 
meter and is pushed for- 
ward (from the handle) 
as far as possible witb- 


conducive to the development of 


out compressing the 
boll, the maximum dia- 


heavy bolls, are also conducive to a 
greater increase in the weight of fihre 
than of seed. 


meter of the boll is indi- 
cated by thf* figure on 
the scale at the )K>int 
with which the side of 
trhe boll is in contact. 
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Fibre weight per boll is similar to seed-cotton weight in its correlations with 
other characters. The high positive correlation of fibre weight with number of 
seeds per boll shows the importance of the degrt‘e of fertilization as a factor in the 
yield of cotton (6, 7, 49 — 50). As would be expected, fibre weight is more 

closely correlated than seed-cotton w<ught with lint jtercentage and lint index. 


Table I. 


Correlations of seed, fibre and boll characlers determined on 224 or 250 indiimhinl 
bolls from 50 plants of Pima cotton, Samton, 1925. 



Seed 

cotton 

weight 

l»cr 

boll 

Fibre 
w'cight 
per Ik»1I 

Lint 

per- 

centiige 

Lint 

Index 

Niinv- 
ber of 
.«eeds 
per 
boll 

Mean 

weight 

of 

Indivi- 

dual 

seed.s 

Boll 

length 

lUdl 

dia- 

meter 

Boll 

index 

Soed-cotton weight 


0*858± 

0*244.-i 

0-352 i; 

0-757 i 

0*1051 

0-4181 

0*5461 

0-008 t 

per boll. 












•012 

•042 

*030 

•010 

•045 

•037 

•032 

'045 

Fibre weight per boll 

0*8r.8± 


•C02± 

•542 ± 

•700i; 

-•101 1 

•4151 

•1451 

*0931 


•012 


•029 

•032 

•023 

•045 

•037 

•030 

*015 

Lint percentage {a). 

>244 ir 

•602 ± 


'510± 

•284 ± 

■4321 

•1701 

■0711 

■1421 


•042 

•020 


*032 

•041 

•036 

•0*4 

•01.5 

•044 

Lint inde.v (6). 

>3r)2i: 

>542 ± 

•r>40i: 


- 073 ± 

•3701 

•237 i 

■2281 

- -1001 


•039 

>032 

*032 


'045 

•038 

•042 

•042 

■045 

Number of seeds per 
boll. 

•7r>7i; 

•700i 

•284 i; 

— 073 Jb 


— 4331 

•3101 

■3H01 

-Oil 1 

•010 

•023 

•041 

•045 


•036 

•041 

•038 

*045 

Mean w eight of iridi* 

•105± 

— lOli 

— 432 ± 

•370 ± 

— 433 ± 


•05:) 1 

•1891 

•0761 

vidual Hee<lfi.(c) 










•045 

•045 1 

■036 

•038 

■036 

... 

•015 

013 

■045 

Boll length 

•418± 

•415 i: 1 

•179± 

•237 ± 

•3101 

•0501 


•3851 

0801 


•037 

•037 

•044 

•042 

•041 

•045 


•038 

•023 

Boll diameter 

•546 ± 

>445± 

•074 ± 

•228 ± 

-.380 1 

•1801 

•3851 


•325 1 


•032 

•036 

•045 

•042 

•038 

•043 

•038 


•OlO 


•008 ± 

•003 ± 

-~142± 

•100 i; 

-•041± 

•0761 

•0801 

•3251 


Boll Index (d), . | 

•045 

•045 

•04 4 

•045 

•045 

•045 

•023 

•040 



(a) Weight of fibre as a percentage of tl»c weight of seeii c<)ttx>n. 

(b) Weight of fibres X 100 divided by the nuiriber of 
(ir) Weight of seeds divided by iiuriiber of sotsds. 

(d) Maxiniuiri diameter as a pereciitage of the length. 

* Reference is made by number (italic) to “ Literature (dted,” p. 79(). 

f CVjiints of the number of ovules in 3-celled fsvaries of Pima cotton, made at Sacaton in 1921 rm 
250 ovaries, showed a range of from 15 to 24, and a mean of 20 0> ()’09 (1, p, 51). Since determi- 
n.ition.s at two localities iii 1922 gave* means of 20*8 and 2L5, it may be assumed that the true mean 
number of ovules in 3-celJed ovaries of this varict 3 ’ is 21. 'Phe 224 three-lock bolls of Pima cotton 
in 1925 showed a range of from 8 to 23 seeds i>er bfdl, the mean having been 17*0 X O' 13. This mean 
iiidicatc^s that 84 per cent, of the ovules had bt*en fertilixed inider the cxcoptionaJly favourable condi- 
for cotton pollination prevailing at Sacaton. As would be expected, there was greater varia* 
tion in the number of seeds than in the number of ovules, the standard deviations having been, for 
Hc ds in 1925, 2*853 x0 ()9l iHid for ovules in 1921, 2*1 80x0*006. Tho djfferenoo amoimta to 
31 per cent, and is six times its probable error. 
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Lint percentage shows a positive and very significant but far from perfect 
correlation with lint index, and we may conclude that th(‘ weight of the seeds is 
almost if not quite as important as the abundance of the fibre in d(*,termining the 
lint percentage (i, d). The occurrence of a positive correlation (r i)‘284) between 
lint percentage and number of seeds per boll, with a cocfiicient S(iven times its 
probabk'- error, might be regarded as a (‘onsequerice of the positive correlation of 
similar magnitude between lint j)erccntage and weight of s(^e(l cotton per boll, the 
hitt(;r (character in turn being highly positively correlated with nural)er of see<ls 
])cr boll. The partial correlation of lint percentage with number of s(*eds conskint 
for weight of seed cotton giv(‘s, however, a coefficient that is still significant 
(/ 0‘15f) indicating that there is some association of high lint percentage 

with a large numlx'r of seefls, independent of the other correlations mentioned 
and in spite of the fact that in this [)opulation weight of fibre per seed (lint index) 
is not significantly correlated witli number of seeds. 

Lint percentage shows a fairly high and very significant negative correlation 
with mean weight of the seeds. The lint perceutag(j is not significantly correlated 
with boll diameter, but with boll length it shows a slight but probably significant 
positive correlation {r K 4*1) which doubtless accounts for the low negative corre- 
lation of lint percentage with boll index (r;E :V2). 

Lint index, unlike the lint percentage, is not significantly correlated in this 
material with mmdM*r of seeds per boll, hence it may be concluded that the weight 
of the fibre borne by tln^ individual scchI is not affected by the number of seeds in 
the boll. On the other Imnd. there is a fairly high and very significant positive 
correlation between lint index and mean weight of the individual seeds.* There 
are significant [)ositivc correlations of nearly equal magnitude between lint index 
and the extt'rrial length and diameter of the boll (r E 5't) and 5*4). In other words, 
the larg(T bolls tend to have a greater al)undauce of fibre on the individual seeds, 
but why this relation obtains is not clear. Unless there is a linkage involved, it 
probably expresses merely a like effect of enviromnental conditions on characters 
that are entirely independent. 

Number of seeds per boll, in addition to the correlations already mentioned, 
shows a fairly high and very significant negative correlation with mean weight of 
the individual seeds, and is positively and very significantly correlated with boll 
length and boll diameter (r/E 7*6 and 10 0). 

Boll length is positively and very significantly correlated with boll diameter ; in 
other words, large bolls tend to be largt* in both dimensions and vice versa. The 
higher positive correlation than 0*385 might liave been expected. 


y of tltin tiorn'lation is shown by iKo but that N\h(ni both fibre weight per boll ainl num» 
■r boll are held constant, the cot'flieient of partial correlation is (V24I it) 042 (r/E 5*8) 
gniticantly lower than the eoefficient of the original correlation of lint in hx: with mean 


* The reality 

her of seeds p( 

which is not signiticantly v...*.. 

weight of the seeds (r 0*379 4: 0 038). 
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Boll index, an expression of the shape of the boll, shows no correlation with 
other characters except the expected ones with its components boll length and 
diameter, the unimportance of the low negative correlation with lint percentage 
having been pointed out. 

It was thought possible that the external length and diameter of the boll when 
integrated would show a higher positive correlation with weight of the contents 
(seed-cotton weight) than either external measununent taken separately. The 
correlations of seed-cotton weight with boll huigth pluH the diameter and boll length 
plus twice the diameter, tlu^refore w<‘re computed, and the values found for r were 
0*518 ^(>033 and 0*582 3^7 ()• 030. NeitluT coeflicituit differs significantly from that 
of the correlation seed-cotton weight with boll diameter (r 0*546^2^*1)32). 

The correlation between lint index and grade of see<l fuzziness also was (com- 
puted, and gave a valu(‘ for r of only 0*0 12 3^0*045.* Very smooth stMcchMl varietitcs 
of cotton tend to have sparst* lint and tluc same appears to be true in gem^ral of such 
exceptionally smooth scmhIchI individuals of the F^ima variety as grade only 1 or 2 
in seed fuzziness. f But th(‘ 50 plants of th(c c^omnuTcial stock of Pima whi(‘h 
furnished the material for this correlation all had mort^ or less fuzzy setnls (grades 
4 to 9), and within a population of a single variety having this range of fuzziness 
there appears to be no relation between the abundance of short fibres (fuzz) and of 
long fibres (lint). 

Comparison of correlations based on individual bolls and on the means 

OF SAMPLES CONSISTING OF NUMEROUS BOLLS. 

Correlations of eight pairs of characters were determined in 1925 on two lots 
of bolls of the commercial stock of Pima cotton : (A) 224 individual bolls borne 
on 50 plants growing in the same field at vSacaton and (B) 25 samples from as many 
fields in the Balt River Valley, each sample comprising 100 bolls, each l)oll from 
a different individual plant. For the 224 bolls (series A) as mentioned in the pre- 
ceding section, each character was det(‘rmin(*d separately on each individual boll. 
For the 25 samples (series B) the mean seed-cotten weight, TiIto weight and number 
of seeds per boll were obtained by dividing the total weight or number in the 
sample by 100. Lint percentage was obtained by dividing the total fibre weiglit 
by the total seed -cotton weight of the sample. Lint ind(‘X was obtainedi by mul- 
tiplying the total fibre weight of the sample by 1(K) and dividing by the total 
numl)er of seeds. Mean weight of the individual seeds is the total weight of seeds in 
the sample divkhvl by the total number of seeds. 

Tabl(> II gives, for both populations, the statistical constants of the characters 
involved in the correlations. The coefficients of correlation are given in Table III. 

*ThiH ( orrolatioii was (loteriinuod in Arizona also on 180 plants of an Upland-Pinia hybrid in 
1910, <ni 1 78 plants of l*inui cotton in 1922, and <m Jlti plants of Saknitaridis cotton in. 1922. In no 
case was the eoeftn iont significant. 

t A case of linkage betwtit*n naked sr^cds and sparse lint and vice verm is ro^M>rted by Thadani {13), 
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Table II. 


Siatistical constants of the charcuiers inmlved in correlations determined on {A) 224 
imlividual bolls of Pima cotton ami on (B) 25 samples of 100 bolls, each of Pima 
cotton." 


(Jharaeter 

Mean 

Standarfl 
fleviation of 
the mean 

Seed -eottou weight ]>er boll (grains) ..... 

fA 

il5 

3- 15 d (1-023 

0-504 ±0(1 Mi 


3-3(; d: orA 

•397 ± -038 

Kibro weight j»er boll (grams) ...... 


•87 ± 'OSS 

•178 d: -(MMi 


I'*' 

•93 ± -OK) 

•117 ± Oil 

NuiuImt (d seeda |a*r boll ....... 


I7(» d: 13 

2S53 i -091 



1 7 '9 dr -22 

1()48 ± -01 (i 

Mean weight of individual seeds (gram.s) .... 

P 

•I29d- -(mmm; 

•0143± 0005 


IH 

•135d: -OiKlS 

•00(;2± ‘OtKlf) 

Lint index (grams) 

1' 

4-94 dr -029 

•035 ± 020 



5*18 d: -035 

•258 ± 024 


{(t) Hir HLindunl (leviationH arul error;* of the ineann of H*Tiert B have la'i^n corrected f(;r 

tho luiinbcr (25). 


Table III. 


CfM'ffiantts of correlation in two series of sawpUs of Pima cotton^ 1925, these being 
(A ) 224 individual Mis {B) 25 samples of KX} Mis each. 


Churju tfT pair 


S(*(‘(l.(ottf»n weight per toll 
and lint index. 


Seed eotton Wfdfsdit jH?r boll 
ai»d mini her of Reeds tmm* 
boll. • 


('(•edieient of 
eorrelati«»n 


A 0 352 -1 O Oail 
B -088 

A *757 i -Oil) 
B *934 ± 017 


(diaraetiM' })air 


Fibre weight jier boll and 
mean weight individual 
aei'da. 


Lint index and nnmlw'r of 
seeds jh'f boll. 




( oedicient of 
corrfdation 


A -10 Id- *015 
B -435 i - loo 
A —*073 dr -045 
B -tdlidrlOO 


bibi-e weight per boll and lint 
index. 



•542 d: 032 


•721 ± *005 


Lint index and mean 
eight individual seeds. 



•370 =t -038 
•3o7 =fc ■ 1 1 7 


Fibre weight i>er boll and 
number of aoeds per boll. 



•7(40 d: *023 
•881 d: 030 


Number of seeds jmt boll and 
mean weight individual 
Bt'ods, 


r\ — -433 1 -03(1 
\ B -dOOdr-lU 
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Tho standard deviation of every character (Table II) was greater in Series A 
(224 individual bolls) than in Series B (25 samples of 100 bolls each) as would be 
expected since in the latter series the units arc averages. 

The correlations of seed cotton weight and of libre wcnght per boll with lint 
index and with number of seeds per boll are in the same direction in both series, 
but in every case the correlation ap})ears to be closer in Series B. For the corre- 
lation of lint index (mean weight of libre p(^r seed) with mean weight of the indivi- 
dual seed, the coefficients for the two seri(*s are nearly identical. Tlu^ (}orr(‘lations 
of fibr(*< weight per boll with mean weight of the individual He<Hls, lint index with 
number of seeds per boll and number of se^nls })er boll with mean weight of the 
individual seeds gave coefficients in the two series which were of opposite sign and 
differed by an amount not less than 0*5. 

As to the signilicjance of the dilTerences b(4/We(ai the coefficients of correlation 
of the two series given in 'rable 111, it should be noted that the probable errors of 

the coefficients of (‘orrelation weix* computed by the usual formula 

The number of sam])les in series B was only 25, and it has l)een shown recently 
by Fisher (o') that the probable errors of coeHicients of correlation based on small 
numbers are too low wluai computed by this formula. Fislnu’s method of trans- 
formed correlations” (-3, p. 161 109) thendore lias Ixxn used in (hdermining tin; 

significance of th(‘ differences betw(*en the coellichuits of serif's A and B. The 
differences as thus computed are shown in Table IV. 


Table IV. 

Significance of differences hchvccn the coeffi, denis of correlation ohtamed o-n the two 
scries of samjiles^ A and B, as dcicrneincd by the wet hod (f ‘‘ transffmned corre- 
lations'^ 


Oorrclntion 


8eed-cotton weight per boll with lint index 
vSeed-cotton weight per V)oll with lunnber st rds ])or ])ol| 
Fibre weight per boll with lint index 
Fibre weight per boll witli number seeds ])er boll 
Fibre weight per boll with mean weiglit of seeds 
Lint index with number seeds per boll . 

Lint index with mean w^eight of seeds 

Nnmlxu’ seeds per boll with mean weight of seeds . 


Difference 

between 

transformed D/E 
ciorrelatioas 

( 7 .) 


0 31 ±0-223 

1-4 

•70± 

•223 

3-1 

•.‘iOi 

•223 

1-3 

♦51 ± 

•223 

2*3 

•57 i: 

•223 

2-() 

•54 i 

•223 

2*4 

•03 d: 

•223 

01 

•S8=L 

•223 

3-9 


Application of this method of transformed correlations brought out differences 
between the coirel^ttions in the two series of samples that were probably significant 
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in only two cases, seed-cotton weight with number of seeds per boll (D/R 3-1) and 
number of seeds i)or boll with mean weight of the individual seeds (D/E 3*9). The 
lattcT case is ])articularly interesting since the coefficients were of opposite sign and 
of nearly c(jual magnitude. In Series A the coefficient of the j)aitial correlation 
of number of seeds per boll with moan weight of the individual seeds constant for 
fibre weight per boll (r — 0*5()53h:d*034) does not differ significantly from that of 
the origmal correlation (r — 0* 133 J;: 0*030). In Series D the original correlation 
(r 0*39()i0*114) disappears in the partial correlation constant for fibre weight p(‘r 
boll (r 0*030 0*1 35). It is probable therefore that the a])parently signific^ant 
positive correlation in series B between the number and the mean weight of the 
seeds is conditioned l)y the very high positive correlation in this mattudal betw^een 
number of seeds and fibre weight per boll (r 0*881 di0*030 as com})ar(Ml with 0*700 
^-0*023 in Series A), The coeflichmts of the tw^o scries for the partial correlation 
of number of seeds per boll with mean weight of the individual seeds constant for 
fibre weight per boll do not differ significantly wdien comi)ared as transformed 
correlations, the diiTer(‘nc(* being only 0*433h;0*223. 

CoiK'eivably, however, there might have been a rc'-al difference betw’(;en the 
tw'o series in the direction of the correlation betw^een numbcT of seeds per boll and 
mam weight of the individual seeds, if, in S(‘ri(\s B, in which the characters were 
})ositive]y correlat(‘d, ])Otli numb<'r and weiglit of the seeds had been affected in 
a like direction by the conditions, favourable or unfavourable, in the 25 fields in Salt 
Biver Valley from w liich the 25 sam])les w'er(‘ taken. The diversity of conditions 
among these fields w^as mucli gr('.ater flian the diversit}' within tin? fidd at Sacaton 
in wdiieh the 224 bolls of series A w’crc coll(‘et(Hl.* A physiological tendency to 
decreasing weiglit of the individual seeds as their munber in the boll increases may 
b(‘ assumed as tin'- cause of th(‘ nc'gative correlation in Series A, the effect of which 
t(‘nde.ncy, if present also in Stuies B, may havi; been overcome by the* greater in- 
lluence of very diverse environmental conditions. 

The data given in Table III shows clearly the danger of generalizing concern- 
ing the correlation of characters on tin* basis of a coefficient determined on a single 
population or under one set of conditions. The two poj)iilations liere compared 
were of the same variety and were grown in the same year, yet for three jiairs of 


* Comparison of the standard deviations in dahle II would suggest, on the contrai \ , that Series A 
liad been subjected to a greater diversity of enviioiimeiit than S<'iies ii. But, as already iiKuitioned, 
the units from whieh ilio statistical eoiistmits were comjmted were individual l)(»lLs in Seiies A and 
averages of 100 bolls in Series B. Hence comparison t*f the stundarrl deviations of A and li is value- 
less as an indication of the relative diversity of the environments to whieh the tv\o series had betm 
exposed, for tlu' standard tleviations of )Series B rejnesent merely the variation frttrn iitdd to ti('ld aiul 
do nut take account of the variation within each of the 25 lields whieh, presiimalily, was of the orilt*r 
of magnitude indicated by the standard deviations of Series A. If the 25 samt)I(\s of ICO bt)lls each of 
Series B could be regarded merely as ruultiplieations of the onesum]>le of 221 bolls eoustitutiiig Stnies 
A, the standard deviation of Series Jt should have been only about one-tenth the observed standard 
deviation of Senios A. On this assumption, the standard deviations of S(‘ries J5 for the several eliarai - 
tors as given in Table II, are from 4 to 8 limes the values that would luive bei'U obtained if the 2,500 
bolls of Series B had eonstituiod a population as houH)gcneoiis ns th(^ 224 bolls of Series A. 



298 


AGRICULTURAL JOURNAL OF INDU 


[XXIII, IV. 


characters they 5 rielded coefficients of opposite sign. Analysis indicated that in 
this case the differences probably were not significant, but it is conceivable that 
significantly different coefficients of correlation might be given by sub})opulation8 
one of which had been subjected to a relatively uniform and the other to a very 
diverse environment. 

Synopsis of all correlations determined in Arizona. 

In addition to the two series of correlations determined in 1925 and discussed, 
in the precluding sections, numerous correlations among the same and other boll, 
seed and fibre characters had been determined in Arizona in previous years, chiefly 
on cottons of the Egyptian type but also on 180 F., plants of an Upland-Egyptian 
hybrid grown at Sacaton in J919 (<S'). It seems desirable therefore to bring together 
all available data on the correlation of each pair of characters, supplementing the 
Arizona data with refer(‘nc>es to correlations determined by other investigators 
working with cottons of the Upland type.* 

The order in which the corndations are arranged is indicated by the following 
list of subjects : — 

1. SmLcottoii weight per boll. 

2. Fibre weight ])er boll. 

S. Soed weight per boll. 

4. Number of needn per boll. 

5. Menu weight of irjdividual HoedH. 

6. liiiii pereontage. 

7. .Lint index. 

8. h'ibrc length. 

In the case of the TJpland-Egyptian hybrid two different lots of material were 
used. The boll characters length, diameter, index, and apex index were deter- 
mined on one unopen boll from each plant and the seed and fibre characters lint 
index, seed fuzziness, fibre length, and fibre color were determined on the contents 
of five matured bolls from each plant. Consequently, only the correlations among 
the four boll characters and the correlations among the four seed and fibre charac- 
ters will be considered in this section. 

As to the units on whic^h ar() based the correlations in Egyptian cottons, for 
characters 1 to 10 these were single ])olls in only one series of samples, the 224 Pima 
bolls of 1925. In all other series, the units were the means of several bolls, each 


9. Fibre color. 

10. Seed fuzzinesH. 

11. Boll length. 

12. Boll diameter. 
18. Boll index. 

14. Boll apex inclox. 

15. Boll volume. 


The Tuost comprehensive data hitherto i)ublishecl on correlations of boll, seed, and fibre charac- 
ters of cotton arc tin me of ; 

Hodson (4), who determined correlations on from 34 to 8,5 individual plants of 2 different varie- 
ti(*H in 1911 to 1917, on 48 varieties in 1917, and on 87 varieties in 1918. It may be infcTrod that in 
the last two s(‘ries varietal means were the units in ]dotting the eoiTelations. 

Dimlavy (2), whosc^ correlations were based on from 127 to 107 individual plants in Texas. 

Martin and Mason [ 10 ), whose correlations were based on 811 individual jdants in Nigeria. 

Stroman (12), who (lotcrmined correlations for each of 10 varieties in IVxas, using 50 plants of 
each variety. 

Tlie units employed by the invcjstigators cited in computing the correlations were not individual 
bolls but individual plants or varietal means, 
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lot of bolls represeating either a differeat individual plant or a different field, in 
a few cases the means of progenies, each progeny comprising several individual 
plants, were the units employed in computing the correlations. For characters 11 
to 15 the units on which the correlations are based were in nearly all cases determina- 
tions made on single bolls (one per plant). 

Seed-GoUon weight per boll with jibr<. weight per holL Tlio oxpectod high and vory significant 
pojitivo oorrelation was shown by 224 individual bolls of Pima cotton in 1925 (r 0*858 ±0*12). 

i^evl-cotUm wiight per boll with nunil)tr of .'ieeds per boll. High and vory significant positive 
correlation was shown in 1925 by 224 individual bolls of Pima cotton (r 0*757 i0*019) and by 
25 samples of 100 bolls each of Pima cotton (r 0*934 ±0*0 1 7). 

Seed-cotton weight per boll with mean weight of ivdividiuil seeds. Not significantly correlated 
in 224 individual bolls of Pima cotton in 1925 (r 0'105 +0*045). Dunlavy (2) found a high, 
positive?, and very significant correlation (r 0*004+0*034) in Upland cotton between what lie 
terms “ boll size” (weight of seed-cotton per boll) and mean seed weight, and liodson (•/) in 
four populations of Upland cottons obtained coefheients ranging from 0*506+0*080 to 0*832 
±0*030. 

Seed-cotton loeight per boll with Uni percentage. A low but ai>parently significant positive 
oorrelation was shown by 224 individual bolls of Pima cotton in 1925 (r 0*244+0*042), whih? 
Dunlavy (2) records a significant negative (correlation in Uidand cotton (r — 0*394 ±0*051 ). 
liodson (4) determined this correlation in five populations of Upland cotton and got significant 
coefliticnts in only tw'o cases, one positive (r 0‘395±0*00l) and one negative? (r — 0*455 ±0*092). 

Se^ed-cotton weight per boll with lint index. Positive and signiticant correlation was shown 
in 1925 by 224 individual bolls of Pima cotton (r 0*5'52 ±0*039) and by 25 samples of 100 bolls 
each of Pima cotton (r 0*590 i0*088). Three other populations of Pima cotton in 1923 and 

1924 gave cootlhients of 0*502±0*082, 0*r)15±0*068 and 0*588±0*072. Dunlavy (2) obuined 
in Upland cotton a coefficient of 0*480 ±0*046. 

Seed-cotton loeight per boll with fibre length. This correlation was not dekuiihiied in Arizona, 
hut liodson (4) reports for live samphvs of Upland cottons eoeflicients ranging from 0*030±0115 
to 0*300 ±0*067, and Dunlavy (2), who us(?s the term “ boll size’’ for seed-cotton weight, got 
a coefficient for Upland cotton of 0*2 14 ±0*057. 

Seed-cotton weight per boll with percentage b lock bolls per pUtfU. As determined by Dunlavy 
(2) on Upland cotton, a rather high positive correlation wi^ shown (r 0*533 ±0*058). 

Seed-cotton weight per boll with boll length. A po.sitive and very signiticant correlation was 
shown by 224 individual bolls of Pima cotton in 1925 (r 0*418+0*037). 

Seed-cotton iveight per boll with boll diameter. A positive, very signiticant, and fairly high 
correlation was shown by 224 individual bolls of Pima cotton in 1925 (r 0*546 ±0*032). 

Seed-cotton iveight per boll with boll index. Among the 224 individual bolls of Pima ( otkm 
ill 1925 there was no correlation between w'eight of the matured contents of the boll and shape 
of the fully devolo}>ed but unopon boll as indicated by its maximum diameter relative to its 
length (r 0*008 ±0*045). ^ 

Fibre weight per boll with seed weight per boll. As would be ox|>ected, a very liigh and vi'ry 
significant positive correlation was shown by 25 samples of 100 bolls each of Pima cotton in 

1925 (r 0*865 ±0*034). The partial correlation constant for number of seeds gave a eoeflicient 
of only 0*250 ±0*126, indicating that the number of seeds in the boll rather than their individual 
weight determines the correlation with fibre weight. 

Fibre weight per boll with number of seeds per boll. High and very significant positive corre- 
lation was shown in 1925 by 224 individual bolls of Pima cotton (<• 0*700 ±0*023) and by 25 
samples of 100 bolls each of Pima cotton (r 0*881 ±0*030). Three populations of Pima cotton 
in 1920 and 1923 gave oooffioionts of 0*48 ±0*11, 0*571 ±0*034 and 0*628±0 039. 
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Fibre might per boll with mean weight of individual seeds. No significant corrolaiion was 
shown by 224 in(li\ i<lual bolls of Pima cotton in 1925 (r— 0*1 04 ±0*045), but 25 samples of 100 
bolls each of Fima cotton in 1925 gave a coefficient of 0*435 ±0*109. It has been shown, how- 
ever (Tabic IV) tiuit owing to the small number of the latter serio?, these coefficients probably 
do not differ sigiiiiicaiitly. The apparent correlation shown by the 25 samples doubtless is 
duo to th(? high cot relation between fibre weight and number of seeds per boll (r 0*88 ±0*03) 
since the partial correlation of fibre weight per boll with mean weight of seeds constant for 
number of seeds p(n’ boll gave a coefficient of only 0*198±0T29. 

Fibre weight per boll with lint percentage. A rather high and very significant ]tositiv(‘ corro- 
lation was sliown by 224 individual bolls of Pima (cotton in 1925 (r 0-(i02 ±0-029). 

Fibre weight per boll with Uni index. Fairly high and very significant positive coirelation 
was shown in 1925 by 224 individual bolls of Pima cotton (r 0*542 ±0*032), and a still liigluu’ 
correlation by 25 san^plcs of 100 bolls each of Pima cotton (r 0*721 ±0*065). Tbt^ partial con eo- 
lation constant for number of seeds ])er boll increases the coefficient of tluo first series to 0*830 
±0*014 and that (d the stjeond series to 0*790±0*051. Twelve samples of Pima cotton from as 
many fields in Salt Fiver A'alloy in 1920 gave a correlation ladwee-n fi]>T(o weight pci* boll and 
lint inde x of 0*90 ±0-03. 

Fibre vright per boll with boll length. The correlation shown by 224 individual betlls e)f Pima 
cottem in 1925 (r 0*415 ±0*037) was almost identical with tlu' corredatieuj in the; same* material 
between scod-cotton weight and boll hmgtb. 

Fitwe VH'ight per boll vdfh boll diameter. Tl>e correlation sliown by 224 iuelividual 1 oils of 
Fima in 1925 (r 0*445 ±0*036) was lowtu* but not signilicantly le)W(U’ than the eorrelatiem belveen 
se^od eiolton wdght and boll diamoler. 

Fibre weight per boll with boll index. As in the ease of setMl-eottem weight ]H‘r bell vitb boll 
index, no sigiufieant corre'lation was shown by 224 individual bolls e»f Fima cotton in 1926 
(r 0*093 ±0-045). 

The eorrelatiem of fibre weiglit pe-r boll with se^ed-cotfon wciglil })e‘r boll has be-em jiumlioJU'd 
under the latter cbai acter as su))je^ef . 

Seed weight per boll icilh number of seeds jwr boll. As would be* cxpee-fesl, tlie-sc cliaraelers 
are very closely correlated, the coefficient for 25 samjles of 100 bolls eae h of Fima ce)ltori in 
1925 having be*on 0*934 ±0-017. 

Seed weight per boll with lint percentage. I'wo series of samples of Egy]>tian cotton grown 
in Arizona in 1910 (5) showed the e-xpended negative correlation (r~ 0-63 ±0 047 and - 0*40 ± 
0*092). 

The ce)rrelation of seed weight per boll with fibre weight per boll has been mentioned under 
the latter character as subje(;t. 

Ntimhcr of seeds per boll icith mean iveight of individual seeds. A faiily high and very signi- 
ficant negative corrtOation wfis shown by 224 individual bolls of Pima cotton in 1925 (r— 0*433 
±0*036), while a ]»osit.ivc (*orrelation of nearly (-qual magnitmU' was shown by 25 sam]i](S of 
100 bolls each of Pima cotton in 1925 (r 0*396 ±0*1 14). As was suggested on a j)iecoding page, 
this differ(mc(^ ])robably is not signifi(;ant . 

Number of seeds per boll with lint percentage. A ratluu' low but signific ant positive cornJa- 
tiem was shown by 224 individual bolls of Pima cotton iu 1925 (r 0*284 ±0*041 ). 

Number of seeds per boll vilh Uni index. These characteis weie not signific-antlj’ coi related 
iu 224 individual bolls of Pima cotton in 1925 (r— 0*073 ±0-045), but an apparently significant 
positive- con-clation vas shown by 25 sam})les of 100 bolls each of Pima in 1925 (r 0*436 ±0*109). 

It has Ikh'U shown, how^ever (Table IV), that 'when allowance is made for the Biiiall iiuniler in 
tlu; second series, the difference between the tw^o coefficients is not significant. In the 25 samples, 
the apparent corrc-lation probably 'w^as due to the l)igh j)ositivo correlation between fibie weight 
and number of seeds per boll (r 0*88 ±0-03), since the partial correlation of number of seeds por 
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boll with lint index, constant for fibre weight per boll, gave a very Bignificant negative coefficient 
(r — ()*007 ±0*085). The same partial correlation for the 224 individual bolk gave a coefficient 
of --0-750 ±0-020. 

Nuftiher of seeds per boll with bolt length, A rather low but quite significant positive corre- 
lation was shown by 224 individual bolls of Pinia cotton in 1925 (r 0-310 ±0-041 ). 

Number of seeds per boll ivith boll diameter, A very significant positive^ correlation was shown 
by 224 individual bolls of Pima cotton in 1925 (r 0-880 ±0-038). 

Number of seeds per boll with boll index. Tliere was no (uji rclation between number of seeds 
and shape of the boll, as represented by its inaximum diameter relative to its length (boll index) 
in 224 individual bolls of Pima cotton in 1925 (r 0-041 ±0-045). 

Tlui correlations of number of seeds per boll wnth seed-cotton vveigld per boll, fi])re weight 
per boll, and seed W(*iLdit per ))oll have bt^on mentioned under those charaet(‘rs as subjects. 

Menu weight of individual seeds with Uni percentage, A fairl}’ high and very signilicaiit nega- 
tion' <'orrelation was shown by 224 individual bolls of Ihma cotton in 1925 (r 0-482 ±0-08()). 
hi Upland cotton Duidaa y {:!) found a veiy si<£nificant negative corndation (r- 0-529 ±0-0.88) 
as tlid also Martin and Mason {10) who obtaim^d a eoofiicienl of —0-.84 ±0-021 . Hudson (4) 
foiiml a. siguili(tant comdaiion (r 0-40 ±0-0S) in only one of four ])opulations of Upland cottons. 

Mean iveight of indiridual seeds with Uni index. A fairly high and very significant }>()siti\(; 
(•on-(daition was shown by 224 imlividiiul bolls of Pima cotton in 1925 (r 0*879 ±0*0.88) and an 
abnost identical degree of (-.orn-lal ion by 2.5 sanqdes of 100 bolls eaeh of Pima cotton in 1925 
( r 0-857 ±0-1 17). A mm di »dos('r association of w'cighl of the seed and weight of tlie fibi(* bojno 
Oil it (lint ind('x) is reported by Dunlavv (2) for tin- Upland cotton with wliich he worked (r0*704 
±0-()2l) and by Martin and Alason [10) wlu» also worked w’illi Ujiland cottons (r 0-56±0-OH)). 
Pai,(‘l (//) in three strains of Uossi/jd u m herbaeeinn in India oblaiiud (Oeflicit nls of from 0*40± 
0'05 to 0-78±t).()8. 

Menu weight of indieidual seed with iibrt kiigth. dliis c(»nelation was not determined in 
Ai'i/.ena.. hnl lledson (4) leports for fiv<- })(»])nlations of Upland cottons coefficients ranging fmm 
— 0-04 ±0-11 to 0*.80±0*0()fi and 0-.88±0-10. Uurdavy (2), also w orking w ith Uldaiid cottons, 
iot a. cOcflicimit of 0-42<) ±0-948. 

Meaii' weight of individual seeds with jtercentage o-loci: boll,'- per })la)<t. l)unla\^' (2) found 
iio significant correlation in Upland cotton (r O’l 14 ±0-055). 

Mean iveight of individual seeds with boll length. No eoiK'lation w as shown by 224 individual 
bells of I5ma. cot ton in 1925 (r 0-059 ±0-045). 

Mean weight of individual seeds ndth tndl dianotir. A low but ajiparently significant jiosi- 
t ive correlation wais shown by 224 individual bolls of I’ima cotton in 1925 (r 0-189 ±0-048). 

Mean weight of individual seeds with boll index. No (-onelation was shown by 224 individual 
bolls of Pima cotton in 1925 (r 0-070 ±0-045). 

Tlu. eoirelations of the nu'an w^-ight of indisidual seeds with seed cotton wc-ight jjei boll, 
filue weight })er boll, and number of seeds |H‘r boll have been mentioned under those ( haracteis 
as subjects. 

Lint percentage with lint index. A fairly high and very significant ]>()sitive eorrehttion was 
shewn in 1925 b^- 224 individual bolts of ]5ma cotton (r 0-.540 ±0-0.82). C'le.stu corK-lalion ’was 
shewn (5) in Iwn ])opnlatioTis of Kgyjdian cotton grown in Arizona in 1910 (r 0-04 ±0-045 and 
0-88 ±0-084) and in a population of Pima cotton in 1924 (r O-StkS ±0-028). Martin and Mason 
{10) ohtaimal a coefficient of 0-42 ±0-02 and Dunlavv (2) the (‘xi'eptionnlly low C(x>ffi('ient of 
0-208 ±0-050. 

Ij%nt percentage with fibre length. The eorn-lalion of these ehaiacters was not determined 
on Arizona material. Other investigators reiuirt eoeffieit ids for Ui)land cotton as follows : 
Hudson {4) in five populations obtained coefficients ranging from —0-084 to —0-811, three of 
wlfich (all negative) may have been significant ; Dunlavy (2) —0*445 ±0-042 ; Martin and Mason 
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(10) — 0*21 ±0*023 ; and Stroman (72) significant correlations in only 4 out of 16 varieties, all 
negative, with coefficients ranging from — 0*37 ±0*09 to — 0*52-b0*07. Negative correlation 
between lint percentage and fibre length in Uplcmd cotton is strongly indicated by these data. 
Kottur reports these characters to be independent in the Indian cottons with which he worked 
(9, p. 129—133), 

Lint percentage with percentage 5-lock holla per plant, Dunlavy (2) found no significant corre* 
lation in Upland cotton (r 0*036 ±0*066). 

lAnt percentage with boll length, A low but apparently significant positive correlation was 
shown by 224 individual bolls of Pima cotton in 1926 (r 0*179 0*044), 

Lint percentage with boll diameter. No correlation was shown by 224 individual bolls of 
Pima cotton in 1925 (r 0*074 ±0*046). 

Lint percentage imth boll index, A low but possibly significant negative correlation was shown 
by 224 individual bolls of Pima cotton in 1925 (r — 0*142 ±0044). It has been shown, how- 
ever, that this apparent correlation probably is due to the high negative correlation of boll 
length ^ith boll index. 

The correlations of lint i>eroentage with seed cotton weight per boll, fibre weight per Iwll, 
seed weight per boll, numlH^r of seeds per boll, and mean weight of individual seeds have been 
mentioned under those characters as subjects. 

Lint index with fibre length. This correlation was determined in Arizona on seven popula- 
tions of Kgyptian cotton, of which six were of the Pima variety. In only three populations 
(all of Pima cotton) the coefficients were apparently significant, having been 0*360 ±0*066, 
— 0*132 ±0*038 and — 0*361 ±0*085. Since one of the apparently significant coefficients was 
positive and the other two negative, no general conclusion in regard to this correlation is 
possible. For 180 Fj plants of an Upland Egyptian hybrid grown at Sacaton in 1919 the 
coefficient of correlation was — 0*098 ±0*050. Dunlavy (2) reiwts a coefficient of correlation 
between fibre length and lint index of 0*153 ±0*061, while Martin and Mason (10) obtained a 
coefficient of only 0*07 ±0*024. 

Lint index with fibre color. No correlation was shown by 180 F 2 plants of an Upland Egyptian 
hybrid at Sacaton in 1019 (r 0*033 ±0*050). 

Lint index with seed fuzziness. No correlation was shown by 180 Ff plants of an Upland- 
Egyptian hybrid in 1919 (r 0*090±0*050), by 178 individual selections of Pima cotton in 1922 
(r — 0*061 ±0*050), and by 224 individual bolls of Pima cotton in 1925 (r 0*042 ±0*045). A 
coefficient of — 0*327 ±0*100 was obtained on 36 individual selections of Sakellaridis cotton at 
Sacaton in 1922, but the population was too small to make it likely that this correlation is signi- 
ficant. 

Lint index with percentage 5-lock bolls per plant, Dunlavy (2) found no signifioant correla- 
tion in Upland cotton (r 0*078 ±0*056). In the second generation population of an Upland- 
Egyifiian hybrid grown at Sacaton in 1919 (180 plants) there was no correlation between lint 
index and mean lock number per plant (r 0*014 ±0*060). 

lAnt index with boll length, A low but significant jwsitive correlation was shown by 224 
individual bolls of Pima cotton in 1926 (r 0*237 ±0*042). 

Lint index ivith boll diameter, A low but signifioant positive correlation was shown by 224 
individual bolls of Pima cotton in 1926 (r 0*228 ±0*042). 

Lint index with boll index. No signifioant correlation was shown by 224 individual bolls 
of Pima cotton in 1926 (r — 0*100 ±0*046), 

The correlations of lint index with seed cotton weight per boll, fibre weight per boll, number 
of seeds per boll, mean weight of individual seeds, and lint percentage have be«n mentioned 
under those characters as subjects. 

Fibre length with fibre color. For 180 Fj plants of an Upland- EgyjHi an hybrid grown in 
Arizona in 1919 the coefficient of correlation was — 0*230 ±0*048 indicating a slight but probably 
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sigiuiioant tendency for the plants with longer fibre to have lighter colored fibre. Kottur (9, 
p, 124 129) noted a tendencjy in Indian cottons for shortness of staple to be associated with 

brown color of the fibre, but he did not determine the coefficient of con elation. 

Fibre length ivUh seed fuzziness. No significant correlation was shown in Arizona by three 
populations, one of the Pima variety (r 0*046 ±0 061) one of the Sakellaridis variety (r 0*283 ± 
0*103), and one of the second generation of an Upland -Egyptian hybrid (r 0*0£0±0*0r0). 

Fibre length with percentage li-lock bolls per plant. Diinlavy (2) found no significant corie- 
lation in Upland cotton (r — 0*109 d:0*066). In the second generation of an Upland-Egyptian 
hybrid at Sacaton in 1919 (180 plants) fibre length and boll lock number (mean per plant) were 
not significantly correlated (r —0*127 ±0*049). 

Ihe correlations of fibre length with seed cotton weight per boll, mean weight of individual 
seeils, lint percentage, and lint index have been mentioned under those characters as subjects. 

Fibre color with seed fuzziness. For 180 plants of Upland-Egyptian F* in Arizona in 1919 
the coefficient of correlation was negligible (r — 0*01 6±0 060). 

The correlations of fibre color with lint index and fibre length have been mentioned under 
those characters as subjects. 

The correlations of seed fuzziness with lint index, fibre length and fibre color have been 
mentioued under those characters as subjects. 

Boll length with boll diameter. A fairly high and very significant positive correlation was 
shown by 224 individual bolls of Pima cotton in 1926 (r 0*386 ±0*038). This correlation was 
determined in Arizona also on seven otlier populations of Pima and other varieties of Egyptian 
cotton. The coefficients ranged from 0*21 to 0*73 (0*6 or higher in six cases), and were signi- 
llcant in all but one case. For 180 F* plants (one boll per plant) of an Upland-Egyptian hybrid 
at SiUiaton in 1919 the coefficient of correlation was 0*289 ±0*046. 

Boll length with boll index. The expected high and very significant negative correlation was 
shown by 224 individual bolls of Pima cotton in 1926 (r - 0*680 ±0*023). As determined in 
Arizona on seven other populations representing several Egyptian varieties, the coefficients of 
correlation ranged from —0*59 ±0*07 to - 0*796 ±0*028. ‘Foi* 180 plants of an Upland- 
Egyptian hybrid grown in 1919 the coefficient was —0*703 dr 0*025. 

Boll length with boll apex index,* For 180 Fg plants of an Upland Egyptian hybrid grown at 
Sacaton in 1919 the coefficient of correlation was — 0*504 ±0*038. 

Bail length with boll wlnme. The correlation with volume of the fully developed but unopen 
boll (as measured by the displacement of water) was determined in 1916 on three lots of bolls, 
each boll having been from a different individual plant. For 161 bolls of the Pima variety the 
coefficient was 0*f)4±0*031 ; for 207 bolls of the Gila variety, 0*73=fc0*022 ; and for 407 bolls 
of Pima X Gila Fj, 0*62 ±0*021. The length of the boll therefore gives a good indication of its 
volume. 

The correlations of boll length with seed cotton weight per boll, fibre weight per holl, number 
of seeds per boll, mean weight of individual seeds, lint percentage and lint index are mentioned 
under those oharac^ters as subjects. 

Boll diameter with boll index. A significant positive correlation was sliown by 224 indivi- 
dual bolls of Pima cottop in 1926 (r 0*326 ±0*040). Of seven other populations of Fgyptian 
cotton in Arizona only three gave significant coefficients (r 0*1 16 =fc 0*032, 0*23 ±0*06, and 0*467 
±0*069). The coefficient for 180 Fj plants of an Upland-Egyptian hybrid was 0*376 d:9*943. 

Boll diameter with holl apex index. For 180 F^ plants of an Upland-Egyptian hybrid grown 
at Sacaton in 1919 the coefficient of correlation was — 0 *079^0*060. 


• The boll apex index is the diameter 6 mni. below the a{>ex taken as a j>ercentage of the maxi- 
mum diameter. Round bolls have a high, and fudnied bolls a low, index. 


F 
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Boll diameter with hull volume. This corrolation was determined on the same populations 
as was the correlation of boll h^nirth with boll volume, and the eoefficients obtained were : Pima, 
0-7:{ ±0-025; (Jila, 0-82 ±0 015 ; and Pima Gila 0-79 ±0-012. The volume of the boll 
theiefore wjw even bettei’ indicated by the maximum external diameter than by the length. 
It is possible also that dianietej'.is more closely correlated than length M'itli the Aveight of sc^ed 
cotton and of librc^ per boll. (Table 1). 

The correlations of boll diameter with seed-cotton weight per boll, fibre weight per boll. 
niimlHu* of seeds per boll, mean weight of individual seeds, lint jiercentage, lint index, and boll 
length are mentioned under those charactem as subjec^ts. 

Boll index itdth boll inaex. For 180 Fg plants of an Upland Egyptian h3d)rid grown at 
Sacaton in 1919 the correlation was significant and positive (r 0*448 ±0-040), as would bo ex- 
jiectecl since relatively slender bolls usually have pointed tips and vice versa. 

The correlation of boll index with other eharacders are mentioned under those characttjrs 
as subjects. 

The correlations of boll apex index with boll length, I oil diameter and 1 oil index are men- 
tioned under those characters as subje<;ts. 

The correlations of boll volume with boll length and boll diameter aie mentioned under those 
characters as subjects. 


Evidence of genetk? correlation. 

All of the correlations discussed in this paper which gave high coefficients are 
more or less obviously physical or physiological. The populations on which the 
CDirelations were (Itderniined were not of a nature to afford evidenct^ as to the 
occurrence of genetic correlation, except in the case of 180 F 2 plants of an IJjdand- 
Egyptian hybrid, grown in 1919 (cV). In this population the cocdlicients of corre- 
lation were compulsed for all possible combinations of the following cliaracters : — 


1. Lint index. 

2. Fibre length. 

3. Fibre colur. 

4. Seed fuzziness. 

5. Boil l(K‘k number. 


fi. Boll length. 

7. Boll diameter. 

8. Boll index. 

9. Boll apex index. 


The first four characters were determined as the average for five mature bolls 
from each plant and th(^ last four characters on a single, fully develojK'd but un- 
open boll on each plant. The mean boll-lock number for each plant was computed 
by counting the number of locks in every boll on the plant. The coefficients of 
correlation were computed by tlie product-moment method, none of the characters 
having shown segregation in definite ratios.**' 

Ten of the 36 pairs of characters gave coefficients of correlation amounting to 
three or more times the probable error. These coefficients are given in Table V. 


♦ Tho sood coat character (seed fuzziness) in cro.sses between cottons which have, respectively, 
naked and fuzzy seeds, shows definite monohybiid segregation, absence of fuzz being dominant. But 
such segregation was not observed in the Upland -Egyptian hybrid under consideration, both paietits 
of the hybrid having had more or less fuzzy seeds. 
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Table V. 

Significant correlations among seed, fibre and boll characters of an Uplandx Egyptian 

population {180 plants). 


(’haranier pair 


l^iht index . 

Boll diameter 
I’ilne loriuth 
Bull len^dli 
Bibrp leiigtii 
B(j11 apex index . 
Fibre length 
Fibre* e(tl(»r 
Holl bM'lv number 
Foil diiimeler 


} 

} 


I 

} 


(!<)efticient of 
correlation 
if) 


(b2Hdh(H)48 


049 


- - 172 ^ -049 


~ -230 i -048 


•202:1: -048 


r/E 


diaraeU'r pair 


4-5 


3 0 


Boll length 
Holl diameter 
Boll length 
Boll index. 


3 5 


4-8 


4 2 


Boil length 
Boll apex index 
Boll diameter 
lioll iiKh*x . 

Boll index. 

Boll a))ex index 


(’oefftciont of 
u<»rrolatiuii 

(r) 

rj'R 

0-289 ±0046 

«-3 

— -Itai -025 

28 1 

^ - ■r.(M ± -038 

13-3 

^ -376 ± -043 

8*7 

\ -448^ •040 

11*2 


All l)iit tlie first four correlations in Tal)le V may be dismissed as obviously or 
probably of a pliysical or ])hysiolog(ical nature. That this aj)plies to the int4*r- 
coiTt‘latious of boll length, IxjII diameter and boll index (diameter as a pt^rcentage 
of th(; length) has been brought out in prectding pages. Thti positive correlation 
between boll lock numbtT and boll diameter is obviously ])hysical. A much clostT 
(orndation doubtless would be shown by determinations on the same individual 
bolls. The negative correlation between boll length and boll apex index (diameter 
5 mm. below tlie apex as a percentage of the maximum diameter) is probably a 
physiological one, since the most cursory observation of a series of c>otton varieties 
shows that long bolls tend to be pointed, and vice rena. A similar relation is 
expressed in the positive correlation of boll index with boll apex index which indi- 
cates that slender bolls (having a low boll index) tend to be pointed and vi(r rersa. 
The positive correlation of lint index with boll diameter, although coherent (in 
the direction indicated by the parental associations of the characters) is in all pro- 
bability a physiological one, since the 224 individual bolls of Pima cotton in 1925 
gave very nearly the same coefficient (r 0-228 ±0*042). The correlation probably 
expresses merely a like influence of environmental conditions upon two otherwise 
independent characters. 
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The low positive correlation of fibre length with boll length and the low negative 
correlation of fibre length with boll apex index probably indicate a slight physio- 
logical tendency for the longer and more pointed bolls to contain ’onger fibre. A com- 
parison of different types and varieties of cotton shows that the long-staple varieties 
mostly have long and pointed bolls. Both correlations are coherent, however, and 
the evidence at hand does not exclude the possibility that a weak linkage is involved. 
Closer correlation might have been shown if the fibre character and the boll charac- 
ters had been determined on the same individual bolls. The correlations of the 
two boll characters with fibre length evidently are not independent, being connected 
by the rather high negative correlation between boll length and boll apex index 
(r — 0-504 Hh 0*038). This is shown by the partial correlations, that of fil)re length 
with boll length comtard for boll apex index giving a coefficient of only 0-103+ 
0-060 and that of fibre length with boll apex index constant for boll length giving 
a coefficient of only 0*098 ± 0*050. 

The only one of these ten correlations in which physical or physiological asso- 
ciation of the characters seems improbable is the negative correlation between 
fibre length and fibre color, the coefficient (r — 0*230 ±0*048) being nearly five times 
its probable error. This correlation is, however, disherent, the Upland parent 
having had shorter and lighter colored fibre than the Egyptian parent, whereas 
the hybrid shows a tendency for longer fibre to be associated with lighter colored 
fibre and vice versa. Such a correlation, if it is really genetic, may be interpreted 
only on the xmproven assumption that crossing over in excess of 50 per cent, has 
occurred. An association of short staple with brown color in Indian cottons was 
noticed by Kottur (S, p. 124 — 129), but he did not determine the coefficient of 
correlation. 

The only case in which linkage of any of the characters of the cotton plant dis- 
cussed in this paper appears to have been demonstrated is that between sparse 
lint (low lint index) and naked seeds, reported by Thadani (13). 

Summary. 

The intercorrelations of various characters of the bolls, seeds and fibre have 
been determined in Arizona on several populations of cottons of the Egyptian type, 
and on a population of 180 second generation plants of a hybrid between Upland 
and Egyptian cotton. 

The coefficients of correlation were computed on 224 (or 260) individual bolls 
borne by 50 plants of Pima Egyptian cotton at Sacaton, Ariz., on 1925, for all 
possible combinations of the characters seed-cotton weight per boll, fibre weight 
per boll, lint percentage, lint index, number of seeds per boll, mean weight of the 
individual seeds, boll length, boll diameter and boll index, a total of 36 pairs of 
characters. The coefficients of correlation are given in Table I. For 26 pairs of 
characters the coefficients are probably significant, being more than three times 
the probable error. 
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There were also computed in 1926 coefficients of correlation for eight pairs of 
characters on 25 samples from as many fields in the Salt River Valley, Ariz., each 
sample having consisted of 100 bolls. A comparison of these coefficients with 
the coefficients obtained for the same pairs of characters on the 2M individual bolls 
is made in Tables III and IV. For three of the eight pairs of characters the coeffi- 
cients differ markedly, although the significance of the differences is doubtful. 
This comparison shows clearly, however, the danger of generalizing as to the corre- 
ction of characters on the basis of a coefficient determined on a single population 
and under one set of environmental conditions. 

These and all other correlations determined in Arizona, together with references 
to the published data of other investigators who worked chiefly with Upland cottons, 
are brought together in a synopsis. The subjects of the correlations are arranged 
so as to facilitate reference. 

Evid(*nce as to the occurrence of linkage, afforded by the correlations of charac- 
ters in a second-generation population of an Upland-Egyptian hybrid, is discussed 
in the concluding section. Coefficients higher than 0*26 were obtained in 
the hybrid only in cases where the correlation is obviously or very probably of a 
physical or physiological nature, in other words due to the mathematical relation- 
ship of the characters or to a like effect of environmental conditions upon other- 
wise independent characters. 

Among the characters considered in this paper, the only significant correla- 
tion found by the writer which appears to be neither physical nor physiological is 
the negative correlation between fibre length and fibre color in the I Upland-Egyptian 
hybrid, which gave a coefficient of — 0-230 -i- 0*048. In this case the correlation 
is disherent, since in the parents of the hybrid long fibre was associated with deeper 
colored fibre, and xrice versa. Linkage in this case would have been indicated by 
a positive correlation unless crossing over in excess ofrr50 per cent, is assumed to 
have taken place. 

An apparently well-substantiated case of linkage between sparseness of the 
fibre and absence of fuzz on the seeds and vice versa, has been reported by Thadani 
(13), 
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NOTES 


EFFECT OF ROTATIONS ON COTTON PRODUCTION. 

Bulletin No. 3G5 of the Texas Agricultural Ex|)<iriiiient Station (Division of 
Agronomy) entitled “ Crop liotatiou in the Blackland li(*gion of Central Texas 
contains some interesting results on the effect of rotations on cotton protluclion 
in that Static The authors, Messrs. E. B. Reynolds and D. T. Killough, state 
that the Blackland region of Central Texas has been noted for tlic productiveness 
or fertility of its soils, as shown by the large, consistent and dependable yields of 
cotton. When these soils were first put into cultivation, it was commonly believed 
they would not wear out, that they were practically inexhaustible. The almost 
continuous culture of cotton on these black waxy soils for the last fifty years without 
proper effort either to maintain or to increase the productiveness has led to a 
noticeable decrease in yield. Records are at hand which show that these soils are 
not as productive now as they were when first put into cultivation. The figures 
quoted show that the average production of cotton per acn^ has fallen from 21!fi 
lb. for 1806-76 to 135 lb. for 1910-25 for Texas State as a whole. For the Black- 
laud region the seven-year smoothed average since 1902 has fallen from i^l5 lb. 
to 161 lb., a similar smoothed average for the whole State being 173 lb. falling to 
135 lb. It will thus be seen that the decreases are more marked in the Blackland 
region and so cannot be entirely attributed to the boll-we(*vil. The authors show 
also that these black w^axy soils have not permaiKmtly lost their productiveness 
which can be restored by the use of projier methods of management, and fiuther 
that a considerable part of the progressive decrease in yield, when cotton is grow n 
year after year, is due to the increased incidence of root-rot which w as found to be 
as high as 33 per cent, (eight-year average) with continuous cotton growing as 
compared to 0-7 per cent, with rotations. With a four-y<‘ar rotation w hich iiu huh d 
maize, wheat and legumiiious crops, the increase of cotton yield per acre was over 
100 per cent, and in the thrtHvyear rotations the increase was over 50 per cent, 
in the least favourable and 94 per cent, in the most favourable. [B. C. Bukt.] 


ARlinaAL INFECTION OF PENNISETUM ’nPHOIDEUM BY SCLEROS- 

PORA GRAMINICOLA. 

Among the cultivated crops in the Bombay Presidency, Pemmeimn ty])h()uhim , 
locally known as bajri, occupies a very prominent place. An impoitant disease 
attacking this crop is the downy mildew caused by Schroapora graminuola. AJ- 

( 309 ) 
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though the diseaae has been known for a long time, it has not definitely been deter- 
milled as to how it lives from year to year and causes infection of the young hajri 
pbants. It is generally believed that this fungus hibernates by means of 
oospores, btit it has not been possible to germinate them artificially and cause 
infection of hajri. This led the writers to try infection of this host with the oospores 
of Solerospara graminicola. 

Bajri seeds were sown in sterilized soil, and oospores were placed either on the 
seed or in the soil. This soil was copiously watered and covere<l with a bell-jar. 
The pots containing this soil were then kept standing in a basin of water. 

After the emergence of the seedlings from the soil, the visible symptoms appear 
first on the third leaf, the first and the second leaves being apparently healthy. 
In many cases 60 per cent, of the plants exposed became infected. 

The infected leaves were placed on a dry slide in a petri-dish lined inside with 
wet blotting-paper. The petri-dish was WTapped with a wet cloth and a continuous 
stream of water at 15^ to 20® C. was made to run on it. The atmosphere within 
the petri-dish was so completely saturated that the leaves were covered with a 
film of moisture. Under these conditions, sponilation occurs within 5 — 6 hours. 
The optimum temperature for sporulation is 15® to 17® 0. The sporangia readily 
germinate in water at these temperatures and produce zoospores. [B. N. Uppal 
and M. N. Kamat.J 


SCUM ON THE WATER SURFACE OF RICE HELDS. 

Mttch damage is caus<*d to the rice croj) in North Sind by the formation of a 
thick layer of alga^ upon the water surface, if for^any reason the water remains 
stagnant, as for example, where there is no natural’ fall in the level from field to 
field or again in low-lying places. It is comparatively rarely found where the water 
circulates freely from the higher field to the lower. Rain is also a preventive. This 
scum begins to develop soon after transplantation and in bad cases it increases 
until there is a thick green carpet resting upon the water surface, pierced only by 
the rice clumps. Grradually this scum tightens its grip round these clumps which 
become partially strangled and tillering is prevented. The condition of the crop 
suffers considerably from lack of aeration and because the plants are not free to 
thicken and spread. This trouble recurs in certain fields each year, gradually 
becoming more intense. 

The following treatment worked out on the Larkana Experimental Station 
has given excellent results. About 1 0 to 20 lb. (worth Rs. 12-8-0) of copper sulphate 
cr 3 ^ 8 tals per acre should be put in a cloth bag which is drawn through the plot under 
the water surface so as to ensure uniform distribution. 

Less quantities of copper sulphate will do if only a part of the field is covered 

by BCUHK 



PLATE XXVI. 



Ihc same plot of Prong rice ten days after treatment with copper sulphate. 
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The Bcuin dries up and Kettles leaving a cleHT watf'r surface three to fiv(' days 
after the a])plieation of tlu*. treatment and does not reappear with Kul)se,(]uent irriga- 
tions. 

A badly affet^ied plot is showji in IMate XX \M l)efor(’ and after treatment. In 
tluH ease the ero]) was observed to have started frc'sh growth ten flays after the 
application of the treatment. | l)nKOA Dutt 11. Va.sistha.J 


THE PUSA SCIENTinC ASSOCIATION. 

Wk have received th(‘ following for publication 

The Piisa Scientific Association, which aft’ords a meeting ground to tlie staff of 
the Institute for th(‘ discussion of problems bearing on agriculture and its allied 
sciences, held seven ordinary meetings during 1927. 

On J7th March, 1927, Jlr. S. C. K,oy read a pa])er on The hnjyroreotent of the 
Uumaii Race, in wliich he. dt'alt briefly with the various aspects of the modern science 
of eugenics and discussed the main problems (connected with race improvement. 
Hc' said that the first link in the chain of evidence was forged long ago by Darwin 
who showed tliat man had alrc'ady risen in the past from a simple' and lowc'r type of 
anima], while Galton showed that modern man was capable of vast improvements 
—aline of thought which was later taken up by a number of distinguished workers 
like Pearson and others. “An individual,” he declared, “has two fundamental 
tlungs whic^h mould his future cliaracter — (1) nature*, i.e,, his liereditary enelowmemts 
arul (2) nurture, his emvironments. Nature has a far grefate'r influence over 
him than nurture.” The* meeting was presidexl over by Dr. Shaw. 

At the next me'cting he*]d on 2nd April, Mr. G. 1. Kavoor read a })a])er on The 
Applimlion of Science in Mockrn Agrirnlfure, Dr. 1). Cflouston presiding. It 
was pointed out tliat agriculture depended upon the funelamc'ntal se ieuices amongst 
which botany and chemistry had the closest relation to it. The ai)plication of 
botany in farming was three-fold, viz., j)l ant- breeding, plant pathology and plant 
})hysiology. In India Howard’s Pusa 4 and 12 wheats and Barbar's Go. 218 cane 
were triumjAs of plant-breeding, while Dr. ButleT’s work on ])lant diseases was 
of great value to the agriculturist. Chemistry was instrumental in revealing the 
elements on which dejpended the agricultural values of land, and thus helped in 
providing a proper medium for the plant to grow in. Animal breeding, 
veterinary science and entomology were branches of a})plied zoology. 
Stock breeding was now a business enterprise and the breeder was turning 
more and more to science for help in his many varied problems. Geology by its 
survey of rocks and minerals had helped the agriculturist to understand the soil 
and its peculiarities. Economics showed the overriding influence of the economic 
factors in all matters affecting the management and development of land, while 
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statistics showed the farmer how to predict his yields and other important items 
ev('ii after a few fifdd trials. Mechanical eiigimM^iiig had brought a])Out the intro- 
duction of mo(h‘rn agricultural implennuits, and a careful and scnuitilic control of 
wat/cr l>y improved methods of irrigation and drainage brought about better 
yields. 

Und(‘r tin', presidency of Dr. I). Clouston, Mr. G. Gosling, a re])resentativ(i of 
M('ssrs. Adair, Dutt & Go., gav<', a short dis(‘oiirsc on /^cicHfiJlc K inrmulograph^ 
on ‘iOtli A[)ril, and screened a few lilms taken by him with the lielp of a small, handy 
ciimera, regarding the, working of which In' gave in'cessary (h'tails. 

Ill the, fourth nieiding held on Kith Juin'. under tJie pr'sideiicy of Mr. P. V. 
Isaac,, Mr. M. Mitra. r<‘ad a ])a.j>er on Andanums (Otd its /Vop/(’. A short 
account was given of the island and its people, the ari'a, under occupation and that 
uinler cultivation, tin* more inijiortant fauna. a.nd flora of the jdace, the chief tinib<‘rs 
found, and the manners and customs of the Andamanese and of the various otln^r 
tribes, their relationsliij) with the Government and other importa,nt d(‘tails about 
tln'iu. S(‘vn*ral })ln)tograf)hs, charts and ornann'iital sln'lls brouglit from the island 
w^ere also shown round. ^ 

Mr. P. V. Jssac also presided over the fifth meeting lu'ld on 22nd August when 
Mr. K. K. Guha Roy read a pafier on Lihrartf (d(ussilir<if Ion and, i^ataloffucimf, 
A comparative study w^‘is ma(h; of all th(^ standard methods of classification, and 
it was suggested that tlie systi'm worki'd out by M r. J^row n of th(‘, Library Associa- 
tion of England was tin' best adapta})le to a departmental library with such modi- 
fii'ations as were, neci'ssitated by local conditions. A system of classification suitable 
for an agricultural library was a, Iso di'inonstrati'd. Catalogin'ing could Im^ divided 
into four classes : (1) Authors, subjects and titles in one aJ|>habet ; (2) Arranged 

ac(M)rding to authors ; (l\) Subji'cts arranged systematically a, c, cording to their 
relationship, and (4) Subj(*cts arranged alfdiafjetically. Tin* most serviia'able 
catalogin', however, was said to b<^ that, fornn'd by classes (2) and (4 ), that is, an 
author cat alogue and a subji'ct < atalogue, ('ach arranged in a si'para.tc alphalx't. 

Ra,o Saheb Kasanji 1). Naik read a paper on the Smjar Factor ies in Indui on 
28th Se]>t(*nd)(*r vvln'ii Mr. N . V. Joshi presidcrl. Jt wuis shown tliat tin* total number 
of sugar factories and ndineries wairking in India was 3!) of which 2(1 dealt direct 
w ith cane while the remaining 13 n'fiin'd <jur. This number was v(*ry small when 
companMl with 178 in Java and 177 in Guba. The total output of sugar from all 
Indian fa(*t.ori(*s dealing w ith cane amounted to (>2,900 tons in 192()-27 whi(*Ji wuis 
less than f he production of a single large factory in Guba. Tin* initial capital 
cost of a factory in India coirifiared unfavourably with tln^ proportionate' cost of 
a. Iarg«‘ fac'tory in other countries and most concerns here sufT<*r<‘(l from under- 
capitalization. Until ri'cently efficient milling plants c.aj)ablc of effectively crush- 
ing the thin, hard and fibrous canes grown in North(un India were hardly used and 
t he resulf. was low^-extraction. If. was sugge.sted that factories which do not usually 
grow their own cane, ought, to take more interest in the growers who supply them 
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with the cane. By the distribution of improved seed canes, oil-cakes and other 
fertilizers to the growers they would be rend(‘,ring a good service to th<‘ms(dves as 
w<dlastothe grow(*.rs. The developnnoit of the sugar industry, according t(> Ilao 
Sahcd), was beiieticdal to India from all points of vi<*vv. A sugar factory, unlike a 
(‘(drton mill, is usually hx^ated in the heart of the cane-growing district, and 
thendore ])rovid(\s (‘employment in rural districts. As India ini})orts sugar from 
ab oad, tiic dc^N cdopmcuit of the white sugar industry would (mrich the country 
and so deserves to (‘xj)and. 

The hist nuM'ting of th(‘ y<‘ar was Judd oji 2<Stli Novmnber wlnm Mr. S. \j. Das 
read a pa])<‘r on Nome Pnthlvms In Af/rirnlfurr, ])r. 1). (Houston presiding. 1du‘ 
paj)er d(‘alt at hmgih on th(‘ main ]»r(d)lemsof agrieidlun', th(‘ (dTecis of manures, 
soils, climatie cluingcvs and diftercmt plant })esi.s on (Tops and show('d how tlu‘ 
vironmenta.1 and soil factors could In* cojitrolhal. T]h‘ ncaal of fuller co-opeiation 
hetw(*en men visualizing tlie prcddems from diftVnmt ])oinfs of vi(‘w and Ix'twacn 
agricultural institutions existing in various jiarts of the world ])y oj)(‘ning a chain 
(d r(\s(‘arch stations was advocated. Our declarcal aim,'' according to th(‘ lecfunu’. 
“ should always be to discuivcT tin* princi])l(‘s underlying tlu' grcait yjroldcujis of 
agriculture and t(» put th(‘ knowhalgc* tlms gaincal ijito a form in wliicli it could 
he us(‘d b> tcaiehers, (‘XjMTts and fanmms for the upraising of ( ountry life and the 
imjTovmnent of the standard of farming." 


CHEMOTROPISM IN THE COTTON PLANT. 

It has Ijcen known for soim* tinn* that the moist laytu' on the uruh'r surfact* of 
the l(‘av(’s, and on the buds and young shoots fd the cotton plant , is marked Iv 
alkaliiu' in rea(*tion (pll. ^^‘5, or tlnucabmits), ^^hen‘as th(‘ tissue fluid, as is tin* 
eas(‘ with tlie great majority of ])lants, is acidic (|>11. h i! to b b). This implies 
that some s(»rt of alkaline snl)stanc(‘ is exndcMl by tin' |)hui1- and dissolves in the 
d(‘w, (Se(‘ ( -. Al. Smith, J . A(j. /ow., DtJd, 2t), p. lb- ; J. K. Mills, hc(\ Sep. 

lb, Ib'Ji, p. Dorris, Hoffman and Johnson, Jan., lb, IbJo. p. (Jo). 

Thi'se obscTvations have suggested that a solul)h' volatih' base, ])nd)ahly Iclonging 
to the alkyl amines, is prodiie(Tl and liberated l>y tin' ( otton jdant, and. fiirtlnr, 
that this su)>stane(‘ may 1 k*, at h'ast in part, resp(>nsi))h' for tin' specitie att raction 
vvliieh the cotton plant exerts towards ciTtain of its ins(*ct pests, in pailicnlar. tin* 
cotton boll weevil, which aiimially demands high toll in the col ton tields of Ann'ijca. 

Tin* iin])ortanee of these facts and sugge'stions do not m e d stre ssing. 0l)\ iously . 
if the exae*t identity of the chemotropie substance' of the* cotton plant could )>e 
established, the substance may be synthesised or otherwise obtained in sullicient 
(juantity to permit its use as a bait for trapping those inse'ct pests of tlxc cotton 
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plant that react specitically to its influence. Hence great economic significance 
attaches itself to any attempts to identify the odorous volatile component of the 
cotton plant. 

Perhaps the first attempt to isolate the volatile component was made in 1918 
by Viehoever, Chernoff and Johns J. Ag. Res.y 1918, 13, p. 346. The material 
used consisted chiefly of cotton seedlings grown at Tallulah, Louisiana, U. S. A. 
About 1820 kg. of fresh plant material were distilled, and from the distillate, some 
29 g. of a brown essential oil were extracted by the use of ether. The oil was found 
to contain no furfural, and the higher boiling fractions wer(^ observed to possess 
a blue colour ; otherwise, none of its characters nor components was further deter- 
mined. 

Recently, anothx'r and more elaborate effort has been made to isolate and to 
identify the odorous component of the cotton plant by F. B. Power and V. K. 
Chestnut at the Phytochemical Laboratory of the Bureau of Chemistry of the United 
States Department of Agriculture. This work was undertaken at the request of 
Dr. L. 0. Howard, Chief of the United States Bureau of Entomology, and its results 
are fully described in the Journal of Ihc American Chemical Society ^ June, 1925, 
47, fi, p. 1751, from which the following summary is abstracted. 

A ten-acre field of Upland cotton at Tallulah was set aside for the investigation. 
The plants were 60 to 200 cm. high at the time of reaping, during July and August, 
1923. Only foliage, squares, flowers and small bolls were distilled, and their com- 
bined mass amounted to some 3,290 kg. The distillate (5,300 litres) was a slightly 
turbid liquid containing some globules of colourless oil floating on the surface. It 
possessed a characteristic persistent and rather pleasant odour, although the first 
portions wer(‘ somewhat pungent. Part of the distillate, after concentration by 
cohobation, was extracted with ether. The essential oil thus isolated represented 
approximately 0 0031 per cent, of the mass of original green material. It was a 
pale, yellowish, limpid liquid, which darkened in colour on exposure to air. Its 
odour was agreeable and persistent. An aldehyde and furfural were definitely 
identified in it. 

The concentrated distillate, which represented all the odorous and volatile 
(jomponents of the young cotton plants, was found to contain the following sub- 
stances : -(1) Methyl alcohol in large amount, and traces of actone ; (2) amyl alcohol 
and certain of its higher homologues, in small quantity ; (3) acetaldehyde, and 
traces of a higher aldelyde ; (4) vanillin, in small amount ; (5) a trace of a phenol ; 
(6) an optically inactive dicyclic sesquiterpene ; (7) a new optically active tricyclic 
sesquiterpene ; (8) a paraffin hydrocarbon (probably triacontane) ; (9) a blue oil, 
probably containing the highly unsaturated hydrocarbon, azulene ; (10) formic, 
acetic and caproic acids, possibly in combination as esters with previously mentioned 
alcohols; (11) ammonia; (12) trimethylamine. The two last were present in 
considerable amounts in the distillate, ammonia predominating. Doubtless, these 
are the soluble bases which confer a marked alkaline reaction on the dew that 
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collects on the plant surface, as was mentioned at the outset. Both ammonia 
and trimethylarnine were also found to comprise the emanations that come from the 
living cotton plant. Trimethylarnine has been proved by field tests to possess 
some attraction for the cotton boll weevil, but further experiments have yet to be 
undertaken in order to determine definitely whether or no it can l)e employed as an 
artificial bait. 

It may be noted that the emanation of ammonia and trimethylarnine from 
the cotton ])lant is jirobabJy due to the well-known interaction between fixed alkali 
carbonate and an ammonium salt and choline r€*8pectively. Tlie alkali may be 
seorcled in special glannlar hairs that cover the under ejudermis of the leaves. The 
ammonium salts and (dioline doubtless occur in the tissue fluids, and may be exuded 
at the leaf surface, wliere they come into contact with the alkali. Choline has 
definitely been identified in the cotton seed, and is very widely distributed in plants, 
since it is a constituent of the pliosphatide, lecithin, which is a component of all 
living cells. (Onslow, Praet. Plant Biochemistry, 1923, }>. 171). Numerous plants, 
other than cotton, sjjontaneously (evolve ammonia and tri methyl amine. Thus 
certain species of (Jh(‘no]>odiiim arv characterised by this property, and in conse- 
(juene(\ jmssess a v(‘ry strong fetid odour, due to trirntithylamine chiefly. Alkali 
carl)onat(‘s, furthermore, have been identifi(‘d in greater or ]ess(‘r quantity in the 
liquid secretions of many plants, for example, the scarlet runner bean (PJtaselmiS 
hiulfijlonis), Oehra {Ilil)li;rus sen lent vs), and other members of thi*. family Mal- 
vacc'ae, including cotton. 

Finally, Clifford and Farglur {J. Testih' Inst., 1923, 14. |). 117) have isolated 
both ammonia and trimethylarnine from cotton fibre by distillation with caustic 
soda under pn^ssure, this result further suggesting that ammonium salts and choline 
occair n\ th<‘ content of (*otton bolls, as wrell as in the superficial tissue's of the bolls 
and in the tissues of other green parts of the plant. [Ihof. F. 11aki>y in Tropical 
Agrievliure, Vol. IV, No. fi.] 


COTTON NOTES. 

Thkough the courtsey of the British Cotton Industry Kesearch Association, 
the Secretary, Indian Central Cotton (k)mmittee, has sent the following abstracts 
for ])ublication : - 


Rotting of Cotton Boll. 

Two forms of decay of cotton bolls, frequently refen’ed to as “ smut in their 
later stages, occur commonly in the sonth-w^estern United States. These diseases 
are not true smuts and have only a superficial resemblance to smuts. One is caused 
by Aspergillus niger and the other by Rhizopus nigricans. The two diseases may 



316 


AGRICULTURAL JOURNAL OF INDIA 


[XXm, IV. 


be readily distinguished by the discoloration of the affected tissues as well as by the 
charuct(‘r of the fruiting stages of the parasites. Both organisms readily produced 
rot ill artificially woundeil and inoculated cotton bolls, but failed to affect uninjured 
bolls. Infection in the field ajiparently depends on injuries caused by various 
insects, tlui most noticeable of which are those caused by the bollworm, and control 
nn^asun^s will have to be directed chiefly against these inse(‘t pests. [Jom, Agri, 
Res., 19li7, 35, 307-312. MurnAEL Shapovalov.] 

Efect of Acidity on Mildew Funci. 

A series of culture media, with pH varying from 2*8-9‘0 were impregnated with 
vari<ms fungi. (Iraphs show that for speed of growth the optima concentrations 
lie lietween pll --3*8 to 8*6. Organisms with the most primitive reproduction 
apfiaratus grow best in nearly neutral media. The more pronounced the differ- 
entiation in reproduction, the more closely optimum speed of growth follows acidity. 
TIutc is hiT(^ some coniuH tion between reproduction and the 1.1 -ion (concentration 
of the medium. |//v/. Ree. Sci. Pract. Agri., 1927, T395-396 ; from BvlL f>ci, 

plumnacoL, 1927, 34^ 75-79. A. Sahtory, R. Sartory and J. Meyer.] 

Soil Temperatures in Ecypt. 

During the periods of germination and increase in height of the cotton plant, 
the scul temperatures are. rising and the amplitude of the t(tmpeiat<‘ wave is at its 
maximum. The maximum soil temperatures decline w'hih‘ the minimum soil 
ttunfxTatures remain constant, thus r<‘Bulting in a gradual decrease in tin* amplitude 
of the daily t<;mp(Tature w ave during the branching and ilow ering periods. Through- 
out the soil zone occupied by the roots of the plant, the t(‘in[)(‘ratur(* is the same, 
the amplitude of the daily t(‘m])erature w^ave small, and tlu^ temperature* is constant 
during the l>oll development and nuituratiou periods. The main effect of irrigation 
on soil temperatures is to reduce the amplitudi* of tin*, daily temperature wave, 
no sudden change of temperature in the root zone taking place. From a considera- 
tion of the range of air temperature in otluT cotton produedng countries, it seems 
probabh* that th(‘ charact(Tistics of the soil temperatures during the boll develop- 
ment and maturation periods are the same for all countri<*s. {Jour. Agri. Sci.y 
1927, 17, 48iL501. E. Mokknzie Taylor.] 


Salt intake of Cotton Seedlino, 

Results of experiments are tabulated showing the absorption and growth of 
Egyptian and Ufdand typits of cotton seedlings from solutions containing chloride 
o*' sulphat(‘.. In the sulphate series the Egyptian type absorbed more of the sulphate 
than tlie Upland tyj)e. In the cldoride series the Egy}>tian tyjie generally absorbed 
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more than the Upland type but results were not so consistent at low concentrations 
of chloride. The results su^^est tliat the absorption of cliloride and sulphaif^ by 
the roots of plants may not bear the same ndatioiiship to one another in the. difh*.rent 
types of cotton seedlings as do the (diloridci and sulphate content of the leaf tissue 
fluids, and therefore, the absorption of ions as a basis for distinctions l>etAVeen 
difterent. types of cotton see<llin^s recjuires further study. Gaz., I91i7, 

:524-:i27. A. R. C. JIaas.J 

Control of CVeton Insect Pests in Nigeria. 

An outline of the entomological work done on cotton ])ests in recent years by 
niembcTs of tlu^ Nigerian Agricultural Department. The cotton staiiiers, Difsdvrrus 
s])p., are the most imj)ortant pests in Nigeria ami the Ilorin Province. Riological 
methods of (M)utrol are not (‘fleet ive and close s<iason measures and use of poisons 
are impractical)le. »S«‘l(‘(t ivt*. breeding has juoduced strains of Islian (Mijolium) 
su{>e.rior to Allen {Irrr.sitfHm) which is less sid)j(tct to stainers and which would f)ro- 
bably bc^ com{)arati\ ely immune when grown according to native custom, ?.c., in 
small areas and int er(To[)p(*d. [ Proc. Firs/ Afrimn Ai/ri, ('ottf., Ifl27, ]>p. 12^-145. 
F. D. CoLDiNG undo. B. Jn:AN.] 

Cotton Insect Pest tn Arizona. 

The tarnislnal bug, rlisifs^ \a.n l)az(‘e, is ])erliaps the iiujst serious p(‘St 

of (a>tto!i on tlu‘ Pacilic coast. Injury is caused by fe(‘diiig j>unctur(‘S made in the 
S(juar(‘S, blooms and Ixdls wliich ar(‘ th(‘n soon sh(*d. It is sup])os(‘d that either 
a toxic material or an organism is intToduc(‘d into the plant tissue. Th(‘ j)(‘st pro- 
dur*es c4iaract-(*risti(^ yellow daubs. lnf(‘sted alfalfa, growing in the neighbourhood, 
is a common sour<‘e of acute* attacks on c<fl.t.on. F'inelv- divided sulphur dust has 
b(‘en found effe(*tiv»‘ against the tarnished bug. \U. >S'. Ihpt. A(jri. Trclttrinil li(dlt'lin 
A\>. 4, K. A. Mc'tiiiEGOR. J 

Cotton Cultivation in U. S. A. (Texas). 

A study of yield figures for the years bH71Pll)2t) seems to show that the average* 
yield of cotton ])er acre in Tc^xas has (h‘c!ined since alxuit bStM, compan*d with 
tliat of the Cnited States us a wboltL A general cause ap})licable to the whole 
State is the boll weevil. An analysis of the census figures for 1921 shows that, tin* 
yield in the North-East and East, and also in tin* West, is v(‘rv unsatisfactory, 
whilst in Central Texas and the Houth the average r(‘sult. is also too low. The 
following possilde causes are indicated : Freijuent droughty years altm nat ing 
with years of excessive rainfall in harvest scuison ; j)ursuing cultivation too far 
West where rainfall is normally insufJu-ient ; exliaustion of soil due to continuous 
cultivation of cotton and non-use of fertilisers ; and insect ])ests and jdant diseases. 
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The increasing production of lialf-aiid-lialf and otiior Bhort''Stai)led varieties, and 
tlie growing proportion of sna})s, hollies, and sledded cotton are lowering the general 
character of Texas cotton. [Ini, Cotton Bull,, 1928, 6, 268-2(59. J. A. Todd.] 

The results of the T(ixas cotton-growing contest which, to date, has been entered 
by Jiiore than 15,000 fanners each of whom farmed 5 acres of cotton intensively 
to determine the best methods of jiroducing the inaxiiniiin yield, seem to indicate 
that profit li(\s in the, intensive farming of a smaller acreage. Much of the black 
lands of North, (^eiitral and South Texas should lx* rotated as they show decided 
cott(»n sickn(‘ss. Much suffers from cotton root rot fungus, tlu^ spread of which 
would be arrested by j)lanting small grains, sorghum or com. Winter cover croj)S 
would add humus to (Uirich the soil. East 1’exas soils can be fertilised because of 
fairly well distributiul rain through the growing season. The sandier soils are ideal 
cotton land. Exploitation of land in NortlnWest Tkixas goes on from y(*ar to year 
and large-S(^i]e farming is carried on. [////. (U>lton Bull., 1928, C, 256-260. V. H. 

ScUTOFKnLMAYKR. | 

WOODHOUSE MEMORIAL PRIZE. 

Amendri> Rules. 

The prize will be in the form of a silver medal and books of a combined value 
of Rs. 85 to b(5 competed for annually under the following conditions : — 

2 The (jompetition is open to gi'aduates of Indian Universities and to Diploma 
holders and Licentiates of recognized Agricultural Colleg(‘S in India who are not 
more than 30 years of age on the date of submission of their essays. 

3. The prize will be awarded to the writer of tlui best (‘ssay on a subject of bota- 
nical interest, to be selected from a list which will be drawn up each year by the 
examiners, and published with an official notice regarding the competition publish- 
ed in the Agricultural Journal of India. Notices will also be sent to Depart- 
ments of Agricidture and Universities in India. 

4. The hmgth of the essay should not exceed 4,000 words ; and the prize essay, 
if of sufficient merit, will be published in the Agricultural Journal of India, It 
must not be ])ublished otherwise without the sanction of the Director of Agri- 
culture, Bihar and Orissa. 

5. The examiners will be : - 

(1) The Imperial Economic Botanist, Pnsa. 

(2) The Economic Botanist, labour. 

(3) A Botanist attached to a Brovincfial Agricultural Department, who will 

be selected by the Trustees each year. 

(4) A h'-ading Botanist of an Indian University. 

G. If no essay is sufficiently good, the prize will be held over and the money 
will go to increase the fund. 
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List of subjects for 1928 frize. 

1. Modern methods of crop improvement by botanical methods. 

2. The application of cytology to plant breeding. 

3. The place of physio’ogical research in botanical science, as applied to 

crop improvement. 

4. The importance of lower organisms to the growth of plants. 

. The technique of yield trials with special reference to Indian crops. 

. The problem of sterility in Indian crops and fruit trees. 

Papers should be forwarded to the Director of Agriculture, Bihar and Orissa, 
Sabour, Bhagalpur, E. I. R. Loop, before November 1st, 1928. 


a 



Personal Notes, Appointments and Transfers, Meet- 
ings and Conferences, etc. 


Mr. Smtth, Tmppiial Dairy Exja'rt, has heeii grajit(!(l loavo on avcrafj;c pay 
for throe months conil)in<‘(t with leave on half av(‘ragc pay for one month and 
twenty-seven days, with effect from the IHth May 1928. 


WPif 

Mr. Z. It. Kotiiaw'aj.a, Assi.stant to the Imjierial Dairy Kxpert, has been ap- 
pointed to act as Imperial Dairy E.xperl, with effect from the 18th May 1928, 


w 


Mr. F. K. Travnor, Superintendent, Cattle Breediii" Farm, Karnal, has been 
aj)pointpd to act as Assi.stant to the lm])erial Dairy E.xpert with tdfect from the 
18th May ]'.t28. 


Mr. J. II. Walton, M..A., M.Sc., Tm|>erial Agricultural Hacb'riologi.st, ha.s been 
granted leave ou average pay for three months combiiu'd with h'ave on half average 
[)ay for three months and lifte('n days with (tfeet from bst May 1928. 


On termination of his otficiating ap))oiutrnent as Director of Agriculture, Funjab, 
Mr. H. R. iS I EWART has been appointed Officer on s])ecial tluty in the D(!partmeut 
of Agriculture for a period of two years with effect from the afternoon of 28th De* 
ceird)er 1927. 


Mr. D. Quinlan, Director of (tivil Vettwinary Dej)artment, Bihar and Orissa, 
has been grantixl combiiu'd leave; for 28 months, viz., leava; on average; pay for five 
months and fifteen days and leave on half average pay for the remaining period, 
with effect from the 7th February 1928. 


Mr. 1’. C. CIhoudhury, Deputy Director of Sericulture, Bengal, lias been granted 
leave on av(;ragc pay for one mouth from the 3rd May 1928. 

( 320 ) 
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Mr. D. Balakrishnamtjrti Garu, Vice-Principal, Agricultural College, Coim- 
batore, has been granted leave on average pay for two rnontbs and ten days and 
in continuation thereof leave on half average pay for two years, on(‘ month and 
twenty days. 


Mr. P. H. Rama Reddi Garu, M.A., B.Sc., Deputy Director of Agriculture, 
111 Circle, Bellary, has been ap])ointed Vice-Principal, Agricultural College, Coim- 
baton*, from ‘ilst May 1928, rice Mr. D. Balakrishnamurti (oiru granted leave. 


Mr. G. N. Rancjaswami Ayyancjar Averual, B.A., Millets Specialist, Madras, 
has been granted leave on average pay for on<i and half months from the date of 
relied. 

Mr. R. C. Bhoaofoot, N.D. A., Deputy Director of Agriculture, VI Circle, has 
been appointed Cotton Sp(‘cialist, fro?n 1st May 1928, rive Mr. G. R, Dilson 
grantt‘d leave. 


Mr. a. Wilson, on returning from l(*ave, has b(*en posted Dejuity Director 
of Agriculture ((dtu hona) in reli<‘f of Mr. H. Wheatley. 



REVIEWS 


Plant Nutrition and Crop Production—BY Sir John Russel, F.R.S. Univer- 
sity OP California Press, Berkeley, California. 

The Hitchcock Lectureship in the University of California was established in 
1909 by the generosity of the late Charles M. Hitchcock of San Francisco for the 
purpose of giving the public an op])ortunity of hearing lectures on popular and 
scientific subjects. The appointment of Sir John Russell to this lectureship in 
1924 was the first occasion on which agricultural science was chosen as the subject. 

The course consisted of five lectures which cover the whole field of plant nutri- 
tion. In each lecture one aspcjct of the question is considered. Thus in the first 
chapter the materials on which the plant feeds are discussed. The subject is treated 
historically and a very interesting account is given of the scientific views prevalent 
before Liebig’s work did away with the mystery attaching to the food of plants. 
Liebig’s researches, which showed that only simple mineral and gaseous substances 
were involved, attracted the attention of a young English squire, John Bennet 
Lawes. This young landholder combined a keen exfierimental turn of mind with 
busim^ss and farming instincts, while his youth coincided with the period of terrible 
distress which followed the long series of European wars. Lawes, faced with the 
necessity of obtaining a higher return from his estate, ex])erimented among other 
things on manures to increase the yield of his crops. He not only obtained con- 
firmation of the value to the plant of phosphates and alkali salts but he also extended 
Liebig’s work by demonstrating the importance of nitrogen compounds. Lawes 
first made his patent manure ” in a barn at Rothamsted but later set up a factory 
at Deptford. At the same time he started a series of experiments on agricultural 
science — the Rothamsted expfU’iments. As the work of the factory and of the Ex- 
p(‘riment Station was too much for one man he selected a young chemist, J. H. Gil- 
bert, to help him. The success of their collaboration was so great that by 1855 the 
British farmers subscribed to build the laboratory in which these two pioneers 
worked to the end of their lives. This was the beginning of the great development 
of artificial fertilizers. The dependence of Europe on these substances, however, 
produced another anxiety. How long would the visible supplies of nitrogenous 
fertilizers last ? This fear was removed by the production of nitrogenous manures 
from the nitrogen of the air. 

The practical application of these artificial manures has given rise to fresh 
problems. Individual fertilizers vary in effectiveness with changes in the soil 
and the season. The habit of growth of the plant or its composition may be 
affected and thus the response to differences in environmental conditions may be 
modified. The effect of nutrients depends, moreover, on the period of growth in 
which the nutrient is presented to the plant. 

( 322 ) 
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Another set of problems arises from the fact that the plant nutrients can only 
be given in combination with other things and the action of these other constituents 
may be deleterious. This factor assumes importance when considering the cost. 
Farmers are obliged to use the cheapest fertilizers available but the choice of the 
actual compound is often dependent on this indirect action of the constituent which 
is in combination with the desired nitrogen. Recent investigations on Ihe effect 
produced by minute quantities of certain elements such as iron, boron and manganese 
are also discussed. 

The second lecture is entitled Fosiiwc Science and Exact Demonstration. For 
many years investigators have been trying to give mathematical expression to the 
facts of plant nutrition but with only partial success. Liebig’s simple curves, 
Blackman’s idea of limiting factors and Mitscherlich’s Wirkungsf actor are discussed 
by the lecturer. An account is also given of the new statistical method which is 
now being developed at Rothamsted under Fischer. An interesting review of the 
qiuistion of farmyard manure versus artificial fertilizers follows. 

In the third chapter, De.cay and. the living plant, the dc^composition of plant 
residues and farmyard manure with the formation of humus is discussed. The 
rise of soil bacteriology is described and the most modern developments in research 
on nitrogen fixation and soil organisms in general are dealt with. I’he fact that 
(‘iu‘.i‘gy rtdationships play a considerable part In determining the reactions brought 
about by micro-organisms in the soil is emphasized. 

The control of the soil micro-organisms forms the subj(^.ct matter of Chapter IV. 
lhre(; methods are in use : (1) the introduction of special micro-organisms, (2) the 
modification of the soil conditions to favour or discourage the development of 
])articular organisms, (3) attempts to kill organisms which are not w^anted. The 
first method is illustrated by the inoculation of the soil for lucerne. The diffi- 
culties encountered and the success attending the use of milk as the inoculating 
fluid and the addition of small quantities of phosphate is described. An account of 
the manufacture at Rothamsted of artificial straw manure without using animal ex- 
cretions and also of the results obtained by the partial sterilization of the soil follow. 

In the last chapter, the structure and composition of the soil itself is described 
in the light of the most recent investigations. The mineral phase, the organic 
phase, the presence or absence of reactive calcium, the question of tilth, the presence 
of colloids, the formation of alkali soil, the nature of the soil atmosphere and of 
the soil solution all receive attention. [G. L. C. H.] 

Seed Production and Marketing - By Joseph F. Cox and Georoe E. Starr. 
[New York: John Wiley and Sons; London: Chapman & Hall.] Price, 
20.<f. net. 

Seed is of such primary importance to agriculture and the production and 
marketing of seed ipvolve so large a capital investment in Europe and America 



324 


AGEIOTJLTURAL JOURNAL OP INDIA 


[XXIII, IV. 


that no apology is needed for the appearance of this book. The book is written 
chiefly on American ex})erience and should jn’ovti of gri'.at })ra('tical utility in that 
country. In India we are still a long way from the realization of the importance 
of pure seed and there are not in this country any comniercial organizations interested 
in the supply of pure seed to the cultivator on a large scale. Almost the only work 
of this nature has been that carried out by the various departments of agriculture 
in distributing seed of the improved varieties of crops which have been bred by the 
scientific officers of the departments. The book ther(ifore describes a state of 
affairs which we may hope to see realized in India, at some not too distant date, 
but which unfortunately is not at present a matter of juactic-al concern to the Indian 
ryot. 

The first four chapters of the book deal with modern methods of se(‘d breeding 
and the sj)ecial (uiltural practices and equipment necessary in glowing good seed. 
A chapter is devoted to the descrij)tion of the work of crop-ini])rovenu‘nt associa- 
tions and co-operative seed distributing agencies. These associations have b(ien 
develo})ed as a result of th(*> realization by American agricultiirisis of the })rinci])les 
of crop improvement. The American agriculturist reabzes that, in spite of great 
merit, new varieties have small chance of achieving wid(‘.spr(‘a(l distribution unless 
the seed is increased in quantity, kept ])ur(^ and sold at a reasonable prica*. If 
seed of a new variety is released in small lots from the ])laut Ineeder it will in most 
cases become mixed and fail to effect any real ini] movement. It is therefore 
essential that there should b(* an organization for the multiplication of juik^ seed 
distinct from that organization which is chargiul wdth the ]>roduction of new tv])es 
by plant breeding. In America this is achieved largely by tiu' formation of asso- 
ciations of growers wdio are interested in the jiroduction and selling of tin* best 
seed. These associations require field and after- thriisliing ius]>ections and through 
their inspection service affix seals to bags carrying seed iiKading their high iiMjuire- 
ments. Such seed is known as certified seed,’’ since it. has been insjiected and cer- 
tified as to variety and purity and germination on a sjiecified date. 

The last twenty chapters in the book describe the growing and prodiud.ion of 
seed of the chief crops of the United States of America. They are not of such 
jiractical importance to the Indian agriculturist as are tlie jnincijdes which are laid 
down in the opening pages. [F. J. F. S.] 


Green Manuring : Principles and Practice.- By Adrian J. Pieters, Ph.I), 
Pp. xiv -f 356 ; illustrated. (New York : John Wiley & Sons ; London : 
Chapman and Ilall.) Price, 22.9. 6a!. net. 

“ The problem before the man who farms the i)oor lands of the Atlantic Seaboard 
and the one on the wheat ]ands"of eastern Washington in one respect the same — 
the increase of organic matter in the soil.” 
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The Indian agriculturist has to face the sauie problem, perhaps in a more acute 
form, for sucli organic matter as he does supply to the soil disaj)pears faster than 
it does in more temperate climates, and cattle dung, which would otherwise be 
applied to the land, is often the only source of fuel suited to his customs and needs. 
In such a district as North Bihar, where owing to the decay of the indigo industry, 
the large quantities of “ sect,” the indigo plant after extraction of the dye, which 
forriKirly used to be applied in a well-rotted condition to the land, cannot now be 
obtained, the problem becomes even more acute. One way to solve this problem 
is by green manuring. 

All wlio are interested in the maintenance of soil fertility in India will be indebted 
to the author for his valuable and comprehensive treatise. Dr. .Pieters descrilx^s 
liimself as a cf)in])iler, rath(ir tlian an original worker in the held of greeiMnanuring, 
but his work is more tlian a mere compilation, for it includes much discussion of 
results obtained by the investigators whose work is referred to in tlie text, of which 
there is a bibliography containing 352 references. This bibliography is very full, 
and should prove a most valuable aid to those who wish to know furtlniv 
(hitails of work which could necessarily be only briefly summarized in this 
volume. 

The author does not. recommend green manuring as a universal re,medy for low 
production. 'To quote again from his introduct(»ry cliapter, “ it. is not meant that 
green manuring will solve the productioii problems of the future, but. that it is 
one oi the Jiiethods by which the product iv(5 iiower of the soil may be inci'cased 
or maintained, (iretui manuring will take its place btsside tillage, croj) rotation, 
imp]'ove,d varieties, and the. use of fertilizers, * * 

Alter the liitroduction and a briei chapter on the History ol Manuring, 

tlu^ author deals with tlie organic matter and biochemical ac-tivitics of the. soil, 
the nitrogen problem, and nitrogen lixation, symbiotic and noirsymbiotic, in 
Chapters 111 - -V. 

The next three chapters are concermal with the clie.mical composition of green 
manures, their decomposition in the soil, and their effects in the soil, other than the 
addition of nitrogen. Chapter IX is entitled “ Various practical considi'.ratious.’’ 
This includes inoc.ulation of legumes, time and depth of ])loughing, effect of some 
crops on those following, factors limiting the use of green manures, etc. 

Examples of the yields obtained after green manuring are given in (luipter X, 
and the various crops used for green maiiuriiig descrilnul in (hapttu' XI. Chapter 

XII deals wdth the practice of green manuring in the United States and (Tiapter 

XIII with that in other countries, and there is a tinal short chapter on the economics 
of green manuring, in which questions such as the advisability of feeding a legume 
crop to stock or turning in under, of selling the hay or turning t]u‘. legume iimhu, 
and the comparative costs of green manure and stable manure ar(‘, discussed. 

LJ. H. W.] 
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Economic Aspects of Cane Sugar Production.— By Feakcis Maxwell, D.Sc., 
M.I. Mech. E., F.C.S. (Norman Rodger, 2, St. Dunstan’s Hill, London, E. C. 3, 
1927.) Pp. viii+200 16 plates including frontispiece and one sketch map 
of the world. Price, 1 2s. (id. net. 

We welcome this book as providing a mine of information on the cane sugar 
industry of the world together with a clear and concise statement of the advan- 
tages and disadvantages of each country. From a perusal of it we get a reliable 
idea of the reasons which make Java so super-efficient in the price question, Hawaii 
so exceptionally well organized and developed on all sides, Cuba able to keep her 
end up despite all the rough and ready methods apjdied to lier cane supply, and 
last but not le^ast Queensland staggering under the most appalling labour 
costs, the penalty of a White Australia policy, nevertheless able to lead 
the world on the sugar to cane factor where at 7 ’BO she holds a lead of OA 
over her nearest com])etitor. The industry in India and the general cane condi- 
tions here are dealt with in the first chapter, and it is most refreshing to find that 
at last it has been able to find a place in a standard book of reference, and the details 
given are in accordance with facts and give the reader a fair and true idea of when 
the real difficulties in the way of establishing a sugar industry in India are. 

Outside of the ordinary details connected with agriculture and manufacturing 
the agT'eements between growers and the mill in various countries are given and a 
wealth of detail regarding the labour conditions in the various countries. The 
only point which one feels has not been so fully dealt with is the all important one 
of price. The author tells us what the various countries can j^roduce at. A brief 
scrutiny of these figures and the figines prevalent for the last 12 months in the leading 
sugar markets of the world force one to the conclusion that either radical economies 
have been effected or else such figui’es have no real value. If this is not so, the 
sugar industry in most of the world must be an expression of philanthropic goodwill 
to the consuming public on behalf of various large banks and financial magnates. 
Leaving aside this point, the book is well put together and contains a large mass 
of valuable notes and facts and should be found in every sugar library. [W. S.J 

Indian Agrriculture.- By A. Howakd, C.I.E., M.A., and G. L. C. Howard, M.A* 
India of Today Series, Vol. VIII, pp. 98, Oxford University Press. 

In this booklet Mr. and Mrs. Howard with a considerable measure of success 
have made an attempt to give a succinct account of the position of agriculture in 
India, of the results of the efforts of the agricultural departments to improve agri- 
cultural practice, and of their ideas regarding the best means of* unifying all the 
various official efforts and of encouraging the co-operation of all concerned both 
directly and indirectly with agriculture and the handling of its products and acces- 
sories, with the ultimate aim of placing the people in a position where they can esti- 
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mate the value of methods and choose what is within their means to apply for their 
own advantage. 

The importance of agriculture to the welfare of India is shown statistically by a 
consideration of the occupational distribution of population, the areas under the 
important crops, the yield of these crops and the value of the surplus for export. 
A chapter is devoted to a summary of the development of the Agricultural Depart- 
ments from 1904 when Lord Curzon sanctioned the formation of an Inip(‘rial Research 
Institute at Pusa till 1925 when the budget provision for all the agricultural depart- 
ments was 1 ,07,64,228 rupees, and in the appendix is a short directory of these depart- 
ments. The succeeding chapter indicates a few of the main practical results of 
agricultural research obtained since 1904. Some of them are striking. One example 
will suffice. All the departments have paid much attention to the distril)ution of 
improved varieties of seed and in 1925-26 thf'.y an? said to have been grown on an 
area of 7,412,857 acres giving an (uihanced value of seven cron's of rupees. 

The main factors underlying Indian agriculturt; which have becm closely studied 
during the last tw(‘nty yceirs are })ri<ffiy dealt with and th(? fact brought out for- 
cibly that tlie monsoon is the dominant factor in rural India. Not only does it 
infiiumce the crops grown and the fertility of the soil but its uncertainty and une(jual 
distribution have induced a marked fatalism in the cultivator and a lack of d(‘sire 
to improve his condition. He is uneducated and unprogressive with no desin‘ for 
a better condition of life in the shape of improved crops, implements and cattle, 
bett(‘r communications, efficient schools and wider markets. (Simultaneously with 
efforts made directly to improve his material prospects education is absolutely neces- 
sary both for the children in schools and for the adult in the broader aspect of his 
relation to his environment. 

The authors then develop the idea that rural develo})ment should be dealt with 
as a whole and not by various departments as at present. A concentration of effort 
is needed and a number of independent movements— the extension work of the* Agri- 
cultural and Veterinary Departments, the Co-operative Credit Movement, and that 
portion of the Educational Department that deals with primary rural schools — 
should be at once combined into a single agency^ and later on should include all the 
other organizations that deal with the countryside such as those conceriu'd with 
the distribution of irrigation w^ater and with roads, markets and rural sanitation. 
This agency they designate as the Development Board of Rural Reconstruction, 
There have been tendencies in various parts of India to co-operate and combine 
but the suggestion is that this should become a definite organized policy. It is a 
booklet that everyone who wishes to have a bird's eye view of agriculture in India 
should read, and for those who have the leisure and tlie inclination to dip deep(*r into 
this most absorbing subject the bibliography at the end of each chapter indicates 
the best of the literature on each point. [W. M,] 
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NEW BOOKS 


On Agriculture and Allied Subjects 

1. The Oxford University Press proposes to bring out at an early date a Hindi 

translation of Indian Agriculture, by Albert Howard, C.LE., M.A., and 
Gabrielle L. C. Howard, M.A., (India of To-day Series, Volume VIII). As 
the Hindi edition is for the most part a subscription edition, only a few 
extra copies for sale to the public will be printed. These copies will be sold 
at Rs. 2-8-0 per copy. Orders should be placed with the Manager, Oxford 
University Press, l^ost Box 31, Bombay. 

2. An ABC for the Young Tea Planter, by A. F. T. Stevenson. Thacker Spink & 

Co., Calcutta. Price Re. 1. 

3. The following publications have been issued by the Imperial Department of 

Agriculture in India since our last issue : — 

Memoirs, 

1. The Indian Types of Lathyrus sativus L. {khesari, lakh, lang, teora), by Gabrielle 

L. C. Howard, M.A., and Khan Sahib Abdur Rahman Khan. (Botanical 
Series, Vol. XV, No. 2.) Price, Rs. 1-8 or 2^. 6d. 

2. Studies on Rice in Sind, Part I, by K. I. Thadani, M.Sc., and H. P. Durga Dutt, 

B.Sc. (Botanical Series, Vol. XV, No. 6.) Price, Re. 1 or Is. 9c?. 

3. Studies in Gujarat Cottons, Part V, by H. H. Mann, D.Sc., and M. L. Patel, 

M. Ag. (Botanical Series, Vol. XV, No. 7.) Price, As. 14 or l5. 6c?. 

Bulletins, 

4. The Stem-bleeding Disease of Arecanut (Areca catechu) caused by Theilaviopsis 

paradoxa von Hon., by S. Simdararaman, M.A., C. Krishnan Nayar and 
T. S. Ramakrishnan, M.A. (Bulletin No. 109.) Price, As. 9 or Is. 

5. Unit system for Farm Buildings, by G. S. Henderson, N.D.A., N.D.D. (Bul- 

letin No. 174.) Price, As. 5 or Oc/. 

6. A Method of Im^rciasing the Manurial Value of Mahua Cake, by N. D. Vyas, 

L.Ag. (Bulletin No. 176.) Price, As. 4 or 6c?. 

7. The Orange. A Trial of Stocks at Peshawar, by W. Robertson Brown. (Bul- 

letin No. 93) Revised.) Price, Rs. 1-5 or 2^. 3c?. 

Report. 

8. Report of the Imperial Institute of Veterinary Research, Muktesar, for the year 

ending 31st March 1927. Price, As. 10 or Is. 
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NOTES MAKE ON A TOUU IN EGVTT. 

BY 

Sir THOMAS MIDDLETON, K.B.E., (J.B., 

H. CALVERT, C.I.E., I.C.S, 

AND 

N. UANGULEE, Ph.D., B.Sc., 

Members of the Royal Commission on Agriculture in India. 

Itinerary. 

IjEAVINc; Na])l(\s on tin*, aftornoon of Friday, Scptcmlau- »j()th, wr. reached Alexan- 
dria at 7-30 A.M. on Monday. As soon as the steamer got into harbour, a police 
oHic.cr sent by the Ministry of the Interior (‘ame aboard and saw to the landing of 
our luggage. Later on, we wer<^ met by Dr. \V\ bawrenee Balls, F.R.S., and Alphonse 
M. Greiss Bey, Director of the Agronomic Se( tion of the Ministry, who had been 
deputed by the Minister of Agriculture to guide us in our Egyptian tour. They 
were accompanied by a S(;cr(d/ary, Ahf IJabra EjfenJi, by a representative of the 
Governor of Alexandria, and a- n^jircsentative of tb(; High Commissioner. 

After landing we had a fri‘-e day and used the opportunity for getting general 
intorniation from om’ guid(*s. l'her<*after until we left Cairo at 0 r.M. on the 11th, 
ev('ry hour of the day was occupi(Hi. We started from our hotel at various times 
Is'tween 7 and 8-30 a.m. and rarely got back until after 7 VM . Our guides mapped 
out for us a most interesting programme, and the Egyptian Govenmiont did every- 
thing possible to make our visit instructive. Tuesday, the 7th, was spent in seeing 
something of cotton marketing in Alexandria and land reclamation at Aboukir 
Bay ; Wednesday and Thursday in visiting institutions in Cairo ; Friday and 
Saturday in an expedition to th(' State Domains and the Ministry’s experimental 
farm in the heart of the Delta. On Sunday w^e saw something of the irrigational 
and other activities of the Public Works Department, and visited the farm of the 
Royal Agricultuial Society. Monday was spent in a visit to Faiyum provmce. 
Tuesday was set aside for general sight-seeing and we exchanged modern for ancient 
agriculture : after inspecting the Tutenkamen relics, we visited a tomb at Sakkara 
on the walls of which the Egyptian agriculture of 3,000 B.C. was effectively por- 
trayed. 

Statistical information. 

In the appendix (p. 330) will be found some figures relating to the resources of the 
Egyptian Government, the area of the country, the areas under the more important 
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flops, the yield of the crops in the past three years, live stock figures, distribution of 

holdings and population. It will be noted that nearly 4 per cent, of the total 
(‘xpenditure of the Egyptian Government is devoted to agricultural and veterinary 
subjects, 6‘8 per cent, to education and 3*7 per cent, to public health. 

As regards the distribution of holdings, it will be seen that of the 2,039,000 
owners of land in Egypt, about 1,884,000 own 5 feddens and under. Agriculture 
is the main occupation of the people. In a population of 11,000,000 (excluding 
children under 5 years of age) recorded at the census of 1917, 4,(K)0,000 were engaged 
in agriculture. The following additional figures are of interest. The cost of living 
index in Egypt varied from 159 in January 1924 to 171 in February 1925 and fell 
to 159 in June 1926. Per head of the population the consumption of some leading 


foodstuffs was as follows ; — 

Kilograms 

Wheat 84-2 

Maize 

Bice 98 

Beans 20-2 

The artificial manures imported in 1926 were 

Met i i(' tons 

Nitrate of soda .......... 174,tM>0 

Nitrate of lime .......... 14,500 

Sulphate of ammonia ......... 0,500 

Cyanainide ........... 070 

Supor})ho.sphate of lime ......... .50,OtK) 

Others ............ ,*1,7(M> 


It may be noted that the exportation of organic manures from Egyj)t is pro- 
hibited. 

Local administration. 

The six chief towns of Cairo, Alexandria, Port Said, Damietta, Ismailia and 
Suez are under Governors, as are also the 14 ])rovinces of cultivated Egypt. The 
Governor of the province, or Mudir, is assisted by a provincial council of which 
he is President. The council is made up of two representatives of each inarkaz 
or administrative sub-division, of which there may be from three to ten within the 
province. These councils have extensive powers in connection with education, 
and can apply the whole of the local contributions voted by the council to educational 
schemes. They have power to vote local contributions for purposes of public utility 
uf) to 5 per cent, of the land tax of the province. The money may be spent as they 
desire, but the annual budget which they vote must be approved by the Minister 
of the Interior. The council has power to apply or veto certain Government decrees 
having local application ; they also regulate the markets and fairs within the pro- 
vince. 
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In connection with certain villages and small towns, village councils have recently 
been created. There are now 40 such councils in Egypt. The village council 
consists of the President of the marlcaz, the Public Health Inspector and four elected 
members. The Governor of the province, if he chooses, has the right to preside. 
These village councils have been created largely with the object of educating Egyp- 
tians in local administration. 

Ministry of Agriculture. 

The Ministry of Agriculture, in addition to a general administrative service, 
has sections for statistics, commerce, agronomic subjects, publications and engineer- 
ing. Recently the Minister has established a large consultative council on agri- 
culture, consisting of eight official members, and twenty-one non-officials selected 
by the Minister himself. He has also set up a technical consultative committee 
consisting of the Permanent Secretary of the Department, the Chief Inspector 
and the Directors of the technical sections. This committee meets monthly to 
co-ordinate the work. In 1919 there was created a Cotton Research Board to 
j)romote investigation on cotton subjects. Nominally the technical laboratories 
of th(^ Miiiistr}^ are contro!l(‘d })y this t'Otton Research Board, but the Board does 
not take a very active 2 >art in administrative details. For the actual work in progress 
th(j technical officers are responsible. 

The Commercial Section of the Ministry is mainly concerned with the distri- 
bution of seed-cotton on credit to small fellahecii. It also sells manure on credit. 
Paynuuit is collected with the land tax. It may be noted that the supply of secnls 
and manures was first undertaken in Egypt by the Royal Agricultural Society 
and that much of the work is still in their hamls ; but th(i Society deals with those 
fellah(‘en who are abh; to 2 >ay cash ; tin* Ministry can afford to give credit, sinc(* 
it has facilities for collecting debts which are not o])en to tin* Society. 

Th(j Agronomic Section manages a series of experimental farms, controls field 
(Experiments, organizes the work required for the propagation of pure strains for 
tin* improvement of agricultiu'e. We visited one of the experimental farms, that 
at G uimeza. 

We did not see anji^liing of the activities of the Publications or of the Engineering 
Sections of the Ministry, but had an opportunity of visiting several of the technical 
sections. 

In Egypt, as in Holland, most agricultural activities are conducted from one 
centre, the main difference between the organization in the two countries being 
that in Egypt the Royal Agricultural Society appears to take a much larger part 
m promoting agricultural improvement than do non-official bodies in Holland. 
Corresponding to the ph}i;opathological service in Wageiiingen, there is in Cairo a 
Plant Protection Section of the Ministry with an office in the town and laboratories 
at Giza. The importation of cotton plants and seed of vines, and of several other 
products, is strictly prohibited, and certain fruits and vegetables can only be im • 
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ported after examination. The Section has well equipped laboratories at Giza, 
In the entomological laboratory alone about eight entomologists are employed, 
cotton pests naturally receiving chief attention. There is also a special laboratory 
for studying injurious fungi ; it has recently been staffed wholly by Egyptians, 
but on the day of our visit we found that a botanist from Kansas (who had specialized 
on immunity in plants) had just begun work there under contract with the Govern- 
ment. The Plant Protection Section is also charged with the control of ginneries ; 
for, in order to prevent the spread of pink bollworm, all Egyptian cotton seed intend- 
ed for sowing must be specially treated in the ginneries. The treatment consists 
in heating the seed to a specified temperature for a definite period in an approved 
type of heater. Four types of machine have hitherto been approved for the purpose. 
There are about 114 ginneries in Egypt and samples of the treated seed are regularly 
collected and examined in the section, so as to test the efiicaoy of the heating plant 
which the ginneries emjjloy. A seed germination laboratory is also attached to 
this section. 

Another of the technical sections deals with horticultural subje(*.ts. studies the 
acclimatization of new varieties, experiments on fruits and vegetables, provides 
technical advice for growers and conducts a number of experimental gardens in 
different parts of the country. 

The ( 'hemical Section undertakes the analyses of all materials requir(‘d in agri- 
culture, fertilizers, insecticides, sprays, feeding stuffs, and it is also at present engaged 
in studying the soils of the country. 

The Botanical Section is the strongest of the ^roup of technical sections ; it is 
engaged in selecting and improving cottons, wheat and certain otlier plants. The 
pure strains of cotton which are bred by this section are grown on by the Agronomic 
Section on one of their (experimental farms, and at a later stag(' are transferred to 
one of the farms of the State Domains Administration. From twelve to fifteen 
botanical workers are engaged, and there was evidcuice of much activity in investi- 
gation. The section has at its' disposal about 75 acres of experimental grounds 
and these were occupied chiefly by cotton, maize, wheat and berseem. 

The Chemical, Plant Protection and Botanical Sections all occupy the same 
building, containing some fifteen or twenty laboratories and stand in the grounds 
of the Botanical Section. The facilities for field work, and the equipment of the 
laboratories, are excellent. 

The Veterinary Section of the Ministry controls tlie Serum Institute at Abbasia, 
This is a large establishment in which a director and four professional assistants 
are engagi^.d in preparing doses of serum and virus for the serum-simultaneous 
inocidation of cattle against rinderpest, which is now compulsory. A serum is also 
prepared against hscmorrhagic septicaemea. The method of preparing serum was 
ful y explained to us. About 30 Cretan cattle are imported each month ; these 
animals are selected because they are peculiarly susceptible to rinderpest. After 
being got into good condition in an isolation hospital, they are infected with virulent 
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blood, and in six days or so are severely attacked by rinderpest. In the compound 
of the institution there are maintained some 120 to 160 Egyptian bullocks which 
are hyper-immunized and from them the serum for distribution is prepared. These 
animals live in the hospital from six to ten years and are regularly used in serum 
preparation. The method employed in getting the serum is as follows : when 
the imported Cretan cattle develop fever to the required point, they are bled to 
death ; then infected blood is injected into the Egyptian cattle which have acquired 
a great degree of immunity so that the injection does not disturb them much. After 
a few days two litres of blood are extracted from each of the Egyptian cattle and 
used to prepare the serum. The clotted blood is shredded, and the serum is extracted 
by a centrifugal machine. We are informed that the necessary dose of serum 
costs from 11 to 14 piastres, that roughly 60,(X)0 cattle were inoculated per annum, 
and that the total cost of running the institution was about £E.10,000. The 
purchase of Cretan cattle is an expensive item. We gathered from the Inspector 
in charge of the Institute that, in practice, compulsory inoculation involves the 
field staff in no serious difficulties. Inoculation is now readily accepted by the 
fellaheen. Fever lasts from three to four days, and working bullocks require a 
16 days* rest after treatment. Cows go off their milk temporarily, but there is no 
permanent effect. The inoculation is carried out by trained veterinary surgeons ; 
the number of deaths following inoculation is now negligible. The Institute main- 
tains a stock of about 360,000 doses of serum which is kept in a cold store in Cairo, 
and sent to the country as required in ice chests. 

The Publications Section of the Ministry supervises the preparation of the 
technical reports and bulletins of the Ministry and is also charged with the tran- 
slation into Arabic of scientific and other books and reports. Teaching in the 
School of Agriculture is now in Arabic, and an effort is being made to substitute 
this language for English in all publications of the Ministry. At present, however, 
a number of publications are also issued in EngUsh, or in French. 

Policy of the MinistBy^ 

Th<j present Minister, Barakat Pasha, a nephew of Zaghlul Pasha, is hims(‘lf a 
fellah by origin, a keen nationalist and an idealist. He has framed a very com- 
prehensive agricultural pobcy which he has remitted to an expert committee for 
criticism. The following extracts from a statement of this policy which appears 
in the Government Almanack will indicate its comprehensive character — 

‘‘ Ministry of Public Works should construct drains everywhere and repair 
existing ones. Enormous sums of money should be allotted for the (mploynient 
of specialists of whatever nationality in order that plant pests may be controlled. 
Government should offer large financial rewards against these pests. Advertise- 
ments to this effect should appear everywhere. Money must be allotted for employ- 
ing botanists, for improving existing plants and introducing new ones. Experi- 
?nental stations and farms for the multiplication of seeds are called for. Seed 
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farms for propagating selected cotton seed, cattle breeding in general and poultry 
in particular should receive attention. The number of students sent abroad for 
training should be largely increased : only 5 per cent, of those now studying abroad 
have been selected by the Ministry of Agriculture. Standard of education in agri- 
cultural and veterinary schools to be increased ; agricultural education to be in- 
troduced into the compulsory elementary schools and in other classes if possible. 
Farm schools should bo established for instructing young men in gardening.’’ When 
this policy was announced in 1924 seven new laws were adumbrated : the following 
four have already been enacted : (1) law to control the distribution of cotton seed 
for sowing ; (2) law prohibiting admixture of cotton ; (3) law restricting cotton 
cultivation to one-third of the area in an occu])ier’s possession ; (4) law requiring 
compulsory inoculation of cattle. The other Acts which the Minister contemplates 
are (1) on agricultural co-operation, (2) on the organization of cotton exchanges, 
(3) on manure control. 

Royal Agriculturai. Society. 

We visited the Royal Agricultural Society, spent some time in examining the 
very interesting collections in the Cotton Museum, and from the Secretary of the 
Society obtained particulars about the grow^th and activities of this flourishing 
and highly useful body, which has done so much for the improvement of Egyj)tian 
agricultiue. A note on the Society which was prepared for us l)y the Secretary 
is reproduced below. 

“ The Royal Agricultural Society was founded in 1898 under the name Khedivial 
Agricultural Society by the late Sultan Hussein, its first president (then Prince 
Hussein Pasha Kamal) with the assistance of certain members of the Royal Family 
in Egypt and eminent Egyptian cultivators. 

Its object is to improve and develop agriculture in Egypt, by all possible legal 
means. Its Statutes were drawn up in the year of its formation, 1898, and since 
then the Statutes were revised in 1901, 1905, 1911, 1915, 1917 and finally in 1924. 

The Society has been since its formation in close touch with the cultivators, 
and each province (Mudiria) has a representative on its Administrative Council. 

Until 1911 — when the Government established an Agricultural Department — 
the Society had Agricultural Committees in all provinces and big cultivators of 
each province attended to explain their demands, express their wishes and make 
suggestions, before the officials of the Society, the Inspectors of Irrigation and 
Health, and Governors (Mudirs). The decisions passed were communicated to 
the Administrative Council for consideration and perusal. 

Until the time when the Agricultural Department — eventually becoming the 
Ministry of Agriculture — was established, the Society was the source from which 
agricultural laws were created. 

The Society studied the question of decrease in cotton yield, obtained a decree 
for destrucition of the cotton worm, organized agricultural and industrial exhibitions, 
acted for the protection of birds useful to agriculture, called the Goyernment’s 
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attention to the necessity of fumigating seeds coming from abroad and the non- 
transport of unginned cotton from Upper to Lower Egypt and started propaganda 
for the formation of agricultural syndicates and co-operative funds, calling on the 
Government on every occasion for the necessary laws and regulations governing 
same. 

Besides, the Society made various experiments in different localities in Egypt 
for improving and propagating cotton seed, studying, at the same time, the nature 
of injurious insects and botanical diseases ; the breeding of cattle and horses and 
several other valuable services, which the Government and the cultivators highly 
appreciated. 

The Society, realizing the importance of chemical fertilizers, introduced them 
into Egypt in 1901, and undertook to protect cultivators from adulterated manures, 
impressing on the Egyptian Government since 1909 the necessity of passing a law 
against adulteration of manures, which law, after long study, is expected to appear 
shortly. 

The Society was the lirst to import into Egypt chemical manures, after many 
(ixi)eriments, with the object of increasing the yield of agricultural crops. It was 
not intended to make the chemical manure replace the farmyard manure, etc., 
but to make up for the shortage of same, showing on every occasion the importance 
and necessity of relying on natural and local manure. As nitrate of soda, the most 
common in us(), can easily be adulterated, the Society created means by which its 
Inspectors in the provinces can chemically and physically examine this manure 
and quickly detect the adulteration, if any has ociuiired. 

As it was necessary for the Society to have an income which would enable it 
to continue its service, the Society adopted a method for selling manure and seeds 
at a certain profit which woidd cover its expenses and gradually increase its capital. 

Appreciating the Society’s valuable services to cultivators, the Government in 
the early years of its formation used to give to the Society yearly grants until 1914 
(at the break of the great war), as well as a loan to help the Society to buy the 
necessary quantities of chemical manures, and sometimes guaranteed the Society 
to the National Bank of Egypt for amounts borrowed ; the Government also helped 
the Society in distributing manure to small cultivators on privileged terms, a prac 
tice that has been lately undertaken by the Government itself. 

Besides the above, the Government supported the Society in organizing agricul- 
tural and industrial exhibitions in Cairo and in the provinces, and offered plots 
of land for agricultural experiments. To the support thus given, a great part of 
the Society’s success is due. 

The Royal Agricultural Society is not affiliated or attached to any other society 
or syndicate, and is absolutely independent in carrying out whatever researches 
or other work attached to agriculture, since the Government grants were suspended 
by mutual agreement between the Egyptian Government and the Society. It 
is not a co-operative society, yet it follows a co-operative system with cultivators. 
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The Society is composed of 400 active members who issue resolutions which 
are submitted for approval to the annual general meetings. Adherent members 
of an unlimited number are also admitted to the Society. 

All members (except in elections) enjoy equally the same rights. They have 
the privilege of certain reductions in prices of manures and seeds, but they have 
no shares in the Society’s funds or in its profits or losses. 

The greater part of the Society’s capital was obtained from profits resulting 
from sales of chemical manures, year after year, and also from grants which the 
Government extended to the Society in its early years as previously explained. 

Article 21 of the Statutes of 1924 (as well as former Statutes) stipulates that in 
case the Society is to be dissolved, the General Assembly will appoint liquidator 
or liquidators, and any money realized on the assets is to be used for forming a Society 
or carrying out a project for the agricultural benefit of Egypt, pending the decision 
taken by the General Assembly and approved by the Government. 

The work of the Society is divided into four principal Sections, namely : — 

(a) The Administrative and Commercial Section. It comprises the distri- 

bution of chemical manure and seeds. 

(b) The Breeding Section for breeding cattle stallions and poultry. 

(c) The Technical Section for agricultural experiments on all fann crops, 

chemical researches on lands and irrigation water, entomological 
studies, chemistry, botany, etc. 

(d) The Cotton Museum Section for exhibiting everything relating to plant- 

ation of cotton, its industry, insect and fmigus attacks and remedies, 
statistics, plans, etc., etc. 

The capital of the Royal Agricultural Society (or the general reserved fund) 
amounted at the end of February 1927 to £E. 482,887 besides a special reserve of 
£E. 41,129 (including £E. 14,492, being cost of animals and poultry) and £E. 84,296, 
value of the Society’s properties. 

There are no shareholders and the capital belongs to the Society itself.” 

The relations between the Ministry and the Society are of a most amicable kind ; 
although to some extent their activities overlap, there is no jealousy, and in the 
commercial sphere the division of functions is that the Society sells manures to 
those who are able to pay c.ash, while the Ministry undertakes distribution on credit 
to small cultivators. It is estimated that about half the manure used in the country 
is supplied by the Society, about one-quarter by Government and about one-quarter 
by private traders. The present President of the Society, Mr. Mosseri, is an enthu- 
siastic cotton improver and has written much on the subject. 

School of Agriculture. 

Until recent years the school of agriculture at Giza (which in England and India 
we should ttjrm an Agricultural College) was under the Ministrjr of Agriculture, 
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but in 1923 it was transferred to the Ministry of Education. The school provides 
a four years’ course and at present has about 160 students. The accommodation 
now available limits the entry to about 40 in each year, but alterations are being 
made in the school, and when they have been completed, a class of 80 can be admitted . 
The Principal has no doubt that the demand for agricultural education will justify 
provision for as many as 80 students in the first year’s course. It may be noted, 
however, that nearly all the students look forward to emi>loyment under the Gov- 
ernment ; less than 10 per cent, go back to the land, and while the Egyptian Depart- 
ments have been expanding rapidly in recent years, it seems doubtful if so large a 
college will justify its existence. The cost to the State of each student trained 
is about £]i. 750. Students usually enter at the age of from 18 to 20, having passed 
the secondary certificate of the Ministry of Education. A farm of about 70 feddans 
provides facilities for practical work ; 12 hours a week are given to practical work 
m the first year, 8 hours in the second and third, and 12 in the fourth year. In 
the final year part of tlu^ practical work consists in supervising the field labourers, 
so as to give the student ])ractice in controlling labour. The instruction is in Arabic, 
but English text-books are mostly used and all th(‘ students read English. There 
is no official relationship betw(M‘n this institutiori and the Ministry of Agriculture s 
technical de{)artnients. 

The College for Veterinary Medicine adjoins the Agricultural College. It has 
accommodation for about 60 students and provides a four years' course. It grants 
a diploma of veterinary surgeon of Egyjd ” which enables the graduates to practice 
witliin Egypt, but not elsewhere. EepresentatioiLS ar(‘ being made to the Eoyal 
College of VetiTinary Surgeons on this point. All the students so far turned out 
hav(^ l)een employed by the State ; they enter the service at £15 a month and the 
best apj)ointments in the veteriiiaiy service are worth £100 per month. The total 
number of qualified v*‘terinary surgeons in Egypt, is about 160. In the opinion of 
the Principal a large extension is necessary, as there are about H million cattle 
and buffaloes in the country. State veterinary surgeons are allowed to take private 
wwk, the Principal vit‘ws this concession with disfavour ; if officials confined 
themselves to their^^proper duties, there would be 8co])e in Egypt for the private 
veterinary surgeon, which at present there is not. The college maintains four 
whole time and eight tem])orary teachers. A small fee of £10 per course is charged 
and the cost per annum is about £6,000 or £100 per student. This college, like 
the other, is under the Ministry of Education who appoint a governing body or 
<^oint;.jl of 9 persons to supervise it. 

General education. 

We had few opportunities of gaining information about the general education 
when at Sakha we visited an elementary|8chool. Children came 
from the Sakha estate. The school had four teachers, about 130 boys and 30 girls. 



338 


AGRICULTURAL JOURNAL OF INDU 


[XXIII, V. 


The boys are divided into two groups ; one group comes in the morning and works 
in the field in the afternoon, the other works in the morning and comes to school 
in the afternoon. We were told that there was no such rapid falling off after the 
first class in Egypi im schools as in Indian schools, but 40 boys were counted in 
Class I in this school and in Class II, 17 only, so that it would appear that at Sakha 
conditions are not very different from those in India. The children were all well 
fed and well clothed ; they appeared to be intelligent and when called on to recite 
from the Koran exhibited no hesitation or shyness, but recited their parts vigorously. 
On remarking to one of our guides that no indications of under-nourishment were 
ol)servable, we were assured that in Egyptian rural districts all children were suffi- 
ciently fed. 

There are in Egypt both elementary ” and ‘‘ primary ” schools under the 
Ministry of Education. The elementary school is a provincial institution, or a 
school supported from religious endowments. There were, in 1925-20, 337 officially 
so classecl ; the instruction is entirely in Arabic and is given to pupils b('tw(‘en the, 
ages of 5 and 14 who are grouped in four classes. There wen^, in addition, uud(?r 
the Ministry 43 schools classed as primary ; the course lasts for live years ; instruc- 
tion is given in Arabic, but English is also taught as a foreign language. The number 
of pupils at these schools in 1925-26 was about 1 6,000. The Ministry supports 
15 secondary schools for boys. These schools are attended by about 7,800 boys, 
who to gain admission must pass through the primary course. After three years’ 
attendance a boy may choose between the literary or the scientific side of the second- 
ary school. The total number of candidates who presented themselves for the 
secondary schools certificate in 1925 was 2,600, the successful candidates being 
about a thousand. 


Educational missions. 

It is interesting to note that the Egyptian Government now has 500 to 600 
students studying in foreign universities. These students arc selected by special 
committees and are placed under the general supervision of the Ministry of Education, 
who arrange for courses of studies in Europe and America at an average cost of 
£300 to £330 per head per annum. The purpose is to train Egyptians for the Gov- 
ernment service and those who have returned from foreign study have so far been 
appointed to posts at £20 a month as a minimum. A young medical or a legal 
man who had come direct from the Egyptian university would, we were informed, 
bo likely to earn £16 per month on receiving a first appointment.’*' 

(To be continued.) 


♦ For a list of students on mission trom various Departments of the Egyptian (xovernineiit ip 
and the estimated cost of their education see the Appendix, 
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APPENDIX. 


(a) Budget of the Egyptian Got'ernmeni for the financial year 1927-28. 

£ 


Total I'evonuo 

Taken from tlic reserve . 

Total oxpenclituro 


36,276,550 

2,642,450 

38,919,000 


£ 


AcrrieultiiR' and Veterinary 
Education £2,663,204^6 84 jmt rent. — 
Primary and Secondary 
Hi^h(T ...... 

Pcntral Administration 

Puldio licalth ..... 

Pommimicationa . . . . 


. . . 1,500,369— 3-9 percent. 

. 2, 1 (iO, 125-.. 5-55 „ 

340,260- 0-87 
1 (>2.819-0-42 „ 

. 1,078,463-3-7 

. 8,879.6-13-22-82 .. 


(I)) Area of Egypt {1025-26), 


(1 {('d(lan==l‘038 acres.) 

Eeddans 

Total cultivated area ......... 5.461.713 

Area under diflforent crops — 

Shitwi (Winter) crop 3,882,370 

Sefi (Summer) crop ......... 2,304,011 

Nili (Autumn) crop 2,117,084 

Orebards and gardens ......... 33,978 


8,337,443 

(c) Sub-divisim of crops. 

Shitwi ( Winter) crop. 

Wheat ....... 

Ik^ans ........ 

Barley ....... 

Berseom ....... 

Vetches ....... 

Onions ........ 

Lentils ........ 

Flax ........ 

Qortuin 

Helba 

Lupines ....... 

Chick Peas 

Poppy . . . . 

Other crops . ... • 

3,882,370 


1,475,456 

414,044 

320,711 

1,437,199 

20,345 

36,404 

63,422 

3,58^1 

2,445 

73,699 

14,888 

1,394 

2,645 

16,134 
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(o) Svb-dwision of aropa — contd. 


Summer (8^) crop. 


Maize ..... 







5,843 

MUlet 







179,755 

Rico ..... 







184,290 

Groundnuts 







14.238 

Sesame .... 







9,655 

Melons and water melons 







36,792 

Other vegetables . 







19,050 

(/Otton .... 







1,785,702 

Sugarcane .... 




. 



52,063 

Henna .... 







996 

Others .... 







15,627 

2,304,011 


Nili (Autumn) crop. 


Maizo 1,985,092 

Millet 74,972 

Rice ... .••.••••• 39,548 

Vet?etable and other cropB ........ 1(>,872 


2,117,084 


Orchards. 

Vines 5,072 

Mandarines and Oranges trees . . . . . . . 8,124 

Fig trees 2.578 

Others 17,604 


33,978 


(d) Yield per feddan of various crops for the last three years. 


— 

1924 

1925 

1920 

Units 

Cotton ....... 

4-27 

4-32 

4-48 

Kantars of 

45 Kilos. 

Wheat ....... 

4-56 

4-95 

4-58 

Ardobs of 

150 


Barley ....... 

6-44 

5-73 

5-71 

»» 

120 


Beans ....... 

3-96 

4*45 

3-87 


155 


Lentils ....... 

406 

402 

3-75 


160 


Helba 

3-34 

335 

3-16 


155 


Onions ....... 

148 

148 

141 

Kantars of 

45 


Maize ....... 

6-78 

7-00 


Ardebs of 

140 


Millet 

7*90 

8-46 



140 


Rice ....... 

0-918 

1174 


Baribas of 

934-5 


Sugarcane ...... 

742 

694 

704 

Kantars of 

45 

»> 

Groundnuts 

8-55 

10*28 

1015 

MJ. 1 

Ardebs of 

75 

ff 
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(e) Livestock figures for 1926, 



Males 

Kcinal(*>8 

Total 

liuflfaloes ......... 

34,280 

728,845 

763,134 

C'ainelrt ......... 

102,021 

t)0,072 

171,003 

(kittle; ......... 

247,918 

429,076 

676,994 

Donkeys ......... 

310,200 

428,462 

738,662 

(loats ......... 

127,559 

402,413 

520,972 

Hors<*s ......... 

io,7:u 

16.733 

36,467 

Mules ......... 

12,600 

10,240 

22,8.58 

Sheep ......... 

20(),745 

1 

036,809 

1,143,.5.54 


(f ) IHsiribution of holdings acayrding to figures available in 1924, 



Feddans 

No. of owners 

Up to one hnldari ........ 

533, .542 

1,. 357, .573 

FiTun 1 to 5 feddans ........ 

1,101,930 

526,961 

„ 5 „ 10 

.560.94<> 

82,677 

„ 10 ., 20 

.530,144 

38,830 

„ 20 ,, 30 

288,522 

ii,8;i5 

„ ,30 „ 50 

.357.872 

9,3.38 

.50 and u[) wards ........ 

2,224.t)77 

12,574 


5,.597,033 

2,039,888 


(g) I'otal population and repartition acA:ording to occupation taken from census made 
in 1917, as 1927 figures are not yet available. 


Occupation 

AgricultuR^ and l^'iHhery. 

Ext ract ion of mineral lURtcrials 

lnduatri<^8 

'PraiiHport 

("oinmercc 

Public force 

Public a-dminihiration 

FrtH? professions . 

Owners 

Domestic work 

Without cloOnito professions 

Unknown pit)fe88ions 


No. 

4, t >4 4, 4 58 

489d)95 

280 , 56 :: 
46,231 
43,361 
142,071 
1.36,327 
2,578.744 
372,280 
2,676, UK) 


10,0()4,064* 


•Excluding children under 5 years. 
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The total population of Egypt according to 1927 census is 14,168,572 and 
according to 1917 census 12,751,000. 


(h) Scientific Missions (Budget) 1927-28, 


— 

— 

No. of mission students in year 1920-27 

Grant 

1926 

1927 

1920 

1927 

1 

1 

Foreign Affairs ....... 

£E 

150 

£E 

1,290 

60 

47 

Ministry of Pinanoo ...... 

17,000 

18,750 

254 

254 

„ „ Education ...... 

90.056 

IK), 065 

28 

33 

I „ „ Interior ...... 

11,000 

11,000 

44 

(U 

,. ,, Public Works ..... 

19,2.60 

16,000 

30 

1 39 

1 

,, ,, Agriculture ..... 

13,(H)0 

10,000 

126 

125 

,, ,, CoinniunicHtioii ..... 

48, .600 

48,500 

3 

2 

,, ,, Justice ...... 

000 

1,200 

635 

602 

Less — not expected to lie spent .... 

199,6.66 

.30,000 

109,655 

190,466 

190,4.65 


Notks 1. Tho Advisory Committee for Oovemment Missions havf 3 the ri^djt to iiiort>.aH(> the num- 
her of missions, if tln^re is a balance permitting such increase, provided tiiat this does not cause an 
ex(;es8 in the sum granted for the following financial year, 

2. The Committee has the right to transfer a grant fixed for oru; Ministry, and add it to 
tho grant allotted to another Ministry. 








RESEARCH IN COTTON TECHNOLOOY IN INDIA, 1927.* 


BY 

A. JAMES TURNER, M.A., B.Sc., 

Director^ Technological Laboraloryy Indian Central Cotton Committee, Bombay. 

L Introduction : The determination of quality of cotton. 

The immediate aim of the Technological Laboratory is to provide facilities for 
determining the quality of raw cotton ; the Laboratory thus forms the last link 
in the chain of agricultural research directed to improving the cotton crop of India. 
Improvement in cotton growing may be brought about in one or both of tw^o ways, 
viz., by increasing the yield of gimied cotton per acre, and by improving the quality 
of cotton grown. These two factors are the supreme agricultural factors deter- 
mining the monetary return to the cotton grower, and a new" type must lead to a 
sul)stantia,l inqirovement in either one or the other before a recommendation can 
be made tluit it should dis])lace any variety of cotton wdiich at present finds favour. 
In order to ascertain whether any newv vari(‘ty is really better than the old, it is 
necessary to have nn^asures of yield and of quality. The accurate determination 
of the yield of a cotton variety is of (course a matt-(*r for the agricultural officer him- 
self ; and although this is by no means so simple as is often supposed, tlui det<'r- 
mination of the quality of the lint j)resents even greater difficulties to him. 

The final test of the quality of any mat(‘rial is its behaviour in use, and as cotton 
is for the most part eventually used in the form of woven or knitted goods, it follow s 
tlnit ideally the quality of a cotton should be judged l)y the service it gives wdien 
made into such goods. The situation is somewhat complicated, however, because 
a single variety of cotton is seldom used alone h\ the manufacture of any one st}"le 
of yarn or cloth, and further, of any twm varieties of cotton it may and dot^s happen 
that one is more suitable for one purpose, and the second for another purpose, 
l^vidently, therefore, the final judgment of the quality of a cotton can only be 
reached after all the possibilities of its use for different types of yarns and fabrics 
have been fully explored. Needless to say, a procedure of this kind is impracti- 
cable ; probably the only approach to any such procedure has been the investiga- 
tion of varieties for some specific usage, e.g., aircraft fabrics, tyre yarns, — and 
then only of such varieties as experience has shown to be likely to give good n^sults. 
hong experience has indeed shown that, generally speaking, good qualities of 

* From “ Research in Cotton Technology in India, 1927,” Ind. Gen, Cotton Covimittee Tech, 
Lab, mu, 13, Tech, Ser, No, 8, April 1928. 
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fabric dcmaud certain qualities in the yarns from which they are made. If there- 
fore we spin a new variety of cotton into yarn, and ascertain - as we can — the 
(j[uality of the yarn, we can with a fair degree of certainty predict what type of 
fabric it will be suitable for. It is for reasons such as these that the spinning test 
is almost universally adopted as being the only really practical test which provides 
a sufficiently trustworthy index of the quality of raw cotton. 

As the spinning and other valuable properties of a cotton must obviously de- 
pend upon its physical and chemical characters, it would be cxpectiid that a pre- 
diction of the spinning value of a cotton could be made purely from a knowledge' 
of such characters. But the fact is that the exact relation between the various 
fibre characters of a cotton and the spinning value of that cotton has always been 
somewhat of a mystery, and a mystery it remains at the present day. This state- 
ment may appear the more surprising when it is remembered that, in all cotton 
markets throughout the world, cotton is daily bought and sold by a hand-and-eye 
estimation of the fibre properties. It is true that when a cotton grader is dealing 
with cotton of a type with which experience has made- him fy-miliar, las skill in 
valuing it may at times appear almost uncanny. But it is another story when he 
is dealing with a cotton of a new type - a cotton which, in other words, is unlike 
any of the types to which he is accustomed ; in these circumstam^es his judgment 
is very liable to error. On t\w other hand, it might bethought that the less sub- 
jcctiv(i methods of the scientist should be more successful, and that he should be 
able to solve the prol)lem by making exact measurenuuits of the various fibre-cha- 
racters. No doubt this is so, but besides actually measuring the characters, he 
has yet to decide the extent to which each of the many characters enters into the 
probhun. Up to the present time, the cotton breeder has been gukled by certain 
properties of the cottons which are known to be of some importance ; but experience 
has shown that these properties are only an impt'xfect guide at the- l)est, and that 
the relative values of a number of cottons are sometimes placed in quite a wrong 
order l)y a cotton breeder relying upon his measurements of these j>ropcrties. 

It was the absence of any reliable means of judging the qualities of cottons 
merely by reference to their physic.al or chemical charact(*rs that led the Indian 
Central Cotton Committee to instal a complete spinning jdant in the Technological 
Laboratory, so that all types of cotton could be submitted to the only really prac- 
tical test, viz.j actually spinning the cotton. The work of the Laboratory is not 
restricted, however, to the making of spinning tests ; each sample of cotton is 
not only spun into yarn, and its spinning performance determined, but it is also 
submitted to an expert grader for valuation, and subjected to numerous fibre mea- 
surements. Thus each sample is subjected to all three tests for quality. It is 
by analyzing statistically the results of the fibre measurements and correlating 
them with those obtained from the spinning tests, that it is hoped eventually to 
solve the problem of the relation between the properties of a cotton and its spin- 
ning value. If this task can be successfully accomplished, it should prove possible 
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to lay down certain tests by means of which the cotton breeder may judge the quality 
of any new cotton he may produce, when the quality ol it availal)le is too small 
for a spinning test. How far progress has been made in the solution of this problem 
will be discussed in the next part. 

As stated above, all research work carried out in the Technological Laboratory 
has its origin in the fundamental objective of ascertaining the {|uality of c'.otton* 
The pursuit of this single objective, however, has necessitat(xl the consideration 
of a number of related problems arising in s})inning procedure, sampling, yarn 
testing, and fibre testing. Some of these problems have already bc'cn investigaf ed , 
and, as frequently happens in such work, the results have a much wider applica- 
tion than to the immediate Laboratory problem for the solution of which the in- 
V(;stigation was originally undertaken. This occurs particularly in experiments 
on spinning procedure, as will be civident from a (consideration of the results of the 
various research(‘s of which accounts have been published in bulletin foini during 
the past year. 

The subjects dealt with in tliese bulletins wdll now be discussed under the folL 
owing headings : — 

(1) The desirability of marketing cotton in a clean condition ; 

(2) The (*ffect of the physical conditions in spinning ; 

(3) The minimum wxdght of cotton iu‘ed(‘d for a spinning test ; 

(4) The standard Indian cottons ; 

(5) The seasonal variation of Indian cottons ; 

(6) The relation betwecm libre properties and spinning value. 

11. The desirability of marketing cotton in a clean condition.’*' 

In an ideal world cotton w^ould be snp])lied to the spinner in the pure state with* 
out any admixture of that foreign matter with which it is at present so often con* 
taminated. But this utopian dream has never been realized. lnde(d, for many 
years past the complaint has been frequently made that Indian cottons, as they 
appear in the market, are exceptionally dirty. As a coiLsequence, mills unprovid^ 
ed with special ma(;hinery for removing the excessive dirt have been precluded from 
using some types of Indian cottons. It is but natural that Indian mills, having 
a supply of cotton at their doors, should have turned to this cotton to meet their 
needs, in spite of the larg(j amount of foreign matter w'hich it contains. Adapting 
themselves to the prevailing conditions, they have installed blow^-room machinery 
ic greater proportion than would be done by mills wmrking solely on cleaner types 
of cotton such as American. 

Ideally, of course, cotton should be picked clean, and every effort made to 
see that the cotton sustains no subsequent contamination, either by moisture, by 


* “ TJi() Effect of 8ubj(Kjting Cotton to repeated Blow-room Treatment,’* Ind, Cen, Cotton Oomw. 
Tech, Lab, BuU, No, 10, Tech. Ser No. S , September 1927. 
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dust l)eiug carried on to the heaps of the seed-cotton while it is being stored prior 
to ginning, or by defective ginning itself. If this ideal is to bo accomplished on a 
practical scale, it must be financially worth while to all concerned. So far as cotton 
prices are concerned, therefore, the question arises whether any premium paid 
for cleaner cotton would be recouped in a higher price subsequently obtained for 
the cotton. 

With conditions as they are, some ginneries found it expedient to equip them- 
selves with machinery for cleaning the seed-cotton before ginning it. But even 
althoTigh the kapas or seed-cotton may Ixi pi(‘ke(l over by hand before ginning, 
and although kapas 0])eners may be used in some cases, yet nevertheless the gtiner*^ 
ality ot Indian cotton continues to be marketed in bale form containing much foreign 
matter. Even some of the stajidard Indian cottons have be(in supplied to the Tech- 
nological Laboratory in a very dirty condition. Dirty cotton gives rise to dirty 
yarn ; its value is therefore depreciated. Hence the question has arisen : Is it 
possible to removii the dirt from the cotton by repeated treatment in the blow-room, 
without causing damage to the cotton or reducing the strength of the yarn which 
is sul)sequently spun from the cotton ? To answer this question, an investigation 
was made of the efiect of repeated treatment in the Crighton opener or in the scut- 
cher, of some baled standard cottons containing a large percentage of foreign 
matter ; these cott(jns were two Punjab- American cottons (289F and 285F), and 
the standard Westerns cotton (Hagari 25). A comparison was made of 2, 3, and 
4 treatments respectively in the Crighton opener for each cotton. Punjab- American 
289F was also givexi tlie normal 2 treatments in the Crighton opener, but succes- 
sive samj)les were passed through the scutcher 3, 4, and 5 times. Duplicate lots 
of each cotton were subjected to each treatment and spun into three different counts 
of yarn. Thus, in all, 72 typos of yarn were spun. In each case the behaviour 
of the cotton during working was observed, and a record kept of the number of 
ring-frame breakages ; the amount of waste at each stage was carefully detex-mined, 
and the various yarns were compared for strength, nej)piness and evenness. On 
each typ(i oi yarn spun, 50 tests were made for counts and lea strength, 100 tests 
for single thread strength and (ixtension, and 80 tests for twist ; hence the whole 
investigation included 3,000 lea tests, 7,200 single thread tests, and 5,700 twist 
tests. 

The effect of additional Crighion-openiiKj, The results of these tests showed 
that 3 or 4 treatments in the Crighton opener, as compared with the normal two 
treatments, ^iell an increase of only about three-quarters per cent, in the loss 
for each additional teatment. The extra treatment makes practically no difference 
to the Oehaviom in the spinning, as the ring-frame breakages are comparatively 
few wliether the cotton has had 2, 3, or 4 treatments in the Crighton. There was 
no very great difference in the cleanliness of the yarn, and it was found most diffi- 
cult to distinguish by eye between the various yarns which had been spim from 
any one cotton in any one count but which had been subjected to different numberB 
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of Crighton treatments ; when a selection for cleanliness was made, it was not 
always the yarn which had received the greatest number of Crighton treatments 
which was selected as the cleanest. The difficulty of distinguishing the yams 
according to the treatments which they have sev<‘Tally undergone in the spinning 
preparation serves to illustrate the close resemblance which the yarns bore to one 
another ; that the distinction between them was not greater is not really surprising 
in view of the very small differences in the blow-room loss which resulted from the 
additional treatments in the Crighton opener. As regards the evenness of the* 
yarns, it was found that for any one count all the different treatments yielded prac- 
tically the same figure for evenness. The larger number of treatments appears 
to have r(;sulted in a very slightly increased neppiness ; however, no great import- 
ance can be attributed to the differences in neppiness (caused by the various numbers 
of treatments, as these differences werii quite small compared with those due to 
dilferences betw<‘en the cottons. It would appear, according to the lea test, that 
a larger number of treatments yielded a slightly stronger yarn on the average ; this 
is just tlie opposite of what would have been expected. However, the effect was 
really negligibly small except for the 20's counts, and in this case the differences 
w(‘re due almost entirely to tluj results for one only of the three cottons ; moreover 
the results obtaimHl for the single thread stnngth w(‘Te by no means ])arall(d to 
those obtained for the count-sti'ength products. All the diffiuimces, however, 
were within the limits of experimental terror, so that the only valid deduction from 
the results is that the effect on the yarn strength of the additional number of treat- 
ments is negligible. 

The effect of additional scutching. When it was found that the repeated treat- 
ments i]i the Crighton opemu* made but little difference to the cleanliness of th<‘ 
S})un yarns, an attempt was made in the case of one cotton- Punjab-Ameriain 
2(S9F - to determine whether repeated sciitcliing might b(' more effective. From 
the results obtained, it was clear that repeated scutching also makes but little differ- 
ence to the amount of foreign matter which is removed from the cotton. By the 
repeated scutching there was slightly greater loss in the blow-room and further 
loss in the card ; even in total loss, howxver, the excess due to four scutchings 
(^.c., one additional sciitching) was only 0*0 per cent., and that due to five sciitch- 
mgs (i.c., two additional scutchings) was 1*4 per cent. When the yarns were select- 
ed for cleanliness, it was found that the cleanest yarns were those from five scutch- 
ings and that the yarns from four scutchings were cleaner than those from three 
scutchings ; as with the yarns subjected to different treatments in the Crighton 
opener, however, the differences in cleanliness were quite small, and even in the 
c'leanest yarn there still remained much foreign matter, so that it compared un- 
favourably in cleanliness with yarn made from a clean-picked cotton. 

The various yarns displayed no differences in evenness or neppiness ; and al- 
though the ring-frame breakages showed considerable fluctuations for the different 
numbers of scutchings, it was clear that the numbers of breakages were compara- 

c 2 
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tively small and the differences not significant. With regard to strength, it was 
found that the yarns which had had most scutching had the highest strength, 
whether judged by the count-strength product or by the single thread strength. It 
appears therefore that additional scutching, far from causing a loss of strength in 
tJie yarn by damaging the fibre, may actually lead to an increase of strength, 
presumably because some of the short and weak fibres are removed as waste in the 
cajd room, and possibly to some extent in the scutcher itself. It might be thought 
ttiat this increased strength may be due to th(^ better opening of the cotton leading 
to better drafting, and hence to greater regularity in the processes subsequent to 
scutching ; that this can hardly be so, however, appears to be indicated first by 
ttie observations on the eveiuiess of the yarns, and secondly by the values which 
wore obtained for the single-thread irregularity. 

To sum u|), the results of the tests show that 3 or 4 treatments in the Brighton 
opener, as compared with the normal two treatments, yield an increase of only 
about three-quarters per cent, in the total waste for each additional treatment ; 
otherwise the extra treatment makes practically no difference either to the be- 
haviour in s])inning, or to the appearance of the yarn — including its evenness and 
neppiness — or to the strength of the yarn. The effect of additional scutching, 
like that of the additional Crighton-opening, is comparatively insignificant. 

These results, however, relatt; to small scale tests, and when cotton is being 
treated in bulk, somewhat different results might be experienced ; in particular, 
the })a8sagc of the cotton through the opener is hardly likely to la^ perfectly uniform 
iubulks).)inning, and it is quite possibl(‘ that fluctuations in the flow might be 
inimical to the strength of the yarn. Damage might also occur if the beater shaft 
were run at a speed decidedly higher than that actually usc^d, viz,, 750 r.p.m., 
although an increased speed would doubtless give a higher cleaning power also. 
Differences in settings and in the kind of grid used might also have some specific 
effect. All these points are briefly discussed in the original bulletin, in which the 
chief conclusions arrived at are : — 

(1) that so long as the material passes uniformly through the blow-room, 

repeated opening or scutching effects a slight improvement in clean- 
ing without detriment to the strength of the yarn ; and 

(2) that once cotton containing foreign matter is pressed into bale form, it 

may be very difficult if not impossible to remove the foreign matter 
completely —especially if it consists of fragments of seed-coat — so 
that the ap 2 )earancc and value of the yarn suffer accordingly. 

Relation to cotton marketing. From the second conclusion some important 
corollaries may be drawn relating to cotton marketing. It is obviously important 
that cotton should be cleaned as far as possible at all stages prior to baling. This 
necessitates clean picking in the first instance, and possibly some cleaning of the 
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l^apas before ginning and of the lint before pressing, besides the prevention of any 
contamination ; it also necessitates good ginning, for })ad ginning may allow htpas, 
v^hole seeds, cut seeds, or fragments of seed-coat to become rrijiigled with the 
lint and so eventually spoil the yarn in the manner indicated above. But if clean 
picking and good ginning to be worth while, the dift’(‘r(‘nc('. in market value 
Ix'.tween high and low grade cotton must be higher than is indicafed l)y the difference 
in blow-room loss alone. And se(‘ing that baling the cotton in a cleam^r state (*n- 
sur(‘s a direct saving represented by the diff<‘rence in blow-room loss, as well as 
indirect savings on the incidental charges of freight, insurance and storage — which 
are necessarily incurred on the extra foreign mattei* in the cotton— and finally, 
that from the cleaner (‘otton it is possible to spin a yarn which is cleaner and there- 
fore able to command a higher ])rice— it is clearly desirable that the cotton trade 
should offer every encourag(‘ment to the movement for securing clearur 
cotton. 

Amrrican cottov. It is int(‘resting to note that in recent years— and particidar- 
ly in 192()--much of tlie cotton crop in the I mited States of America has been market- 
ed in a dirty (nmdition, from which it would appear that the movement there is 
rathiT retrogi'ade than })rogressive. Then* is no doubt that this is the result of 
tlie new^ methods which have be<ui introduced in cotton picking, chiefly owung fo 
the scarcity of human pickers. First tluTc is snapped ” cotton which is obtained 
by plucking the entire opened bolls from the plants, the pickers wearing gloves 
to protect th(‘ir hands against the cold and th(‘ roughn(‘Ss of the bolls. Kext therc^ 
is sledded cotton, so called because the cotton bolls— W'ith much bark and 
stalk — are removed from the plant by a sled : some hundreds of thousands of bales 
of sledded entton wnre marketed from the 192G croj). According to Mr. Arno S. 
Pearse, General Secretary of the International Fi'd(‘ration of Master C'otton Spin- 
ners' and Manufacturers’ Associations, sledding and snapping are n^ally the first 
great evolution that has taken place in the cotton-growdng industry since tJie i]i- 
vention of Eli Whitney’s gin in 1793. Considerable progress also appears to have 
Ikhui made wdth mechanical cotton pickers, from which again the cotton is lilo ly 
to be obtained in a dirtier condition than by hand-picking. This apjM'araiicc cn 
the market of large quantities of much dirtier cotton has had one very importai t 
consequence, viz., the development of pre-ginning cl(‘aning macliincry. Huge 
strides have recently been made in this direction. Hence it appears ])ossible that, 
in the future, emphasis may be laid on the cleaning of tin' cotton after picking 
and before ginning, rather than on clean picking itself. In India, as in America, 
therefore, the introduction of pre-ginning cleaning machiin'ry may ])rovc to be a 
solution of the problem of obtaining the cotton in a clean condition ready for press- 
ing into bale form. However, the question still remains whether the use of prc'- 
ginning cleaning machinery is Bkely to be more economical than giving a premiTim 
for clean picking and this is a question to which time alone can provide the 
answer. 
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III. The effect of the physicat. conditions in spinning.*** 

Any test, to be of value, should always give the same results for the same 
material. A spinning test is no exception to this general rule ; it should therefore 
always assign tlie same spinning value to any given cotton. But the results obtain- 
ed in spinning depend not only on the cotton but also on many other factors, tnz,, 
the machinery employed (and the speeds, settings, etc., at which it is run), the 
physicuil conditions — especially those of temperature and humidity — under which 
the various processes are carried out, and the human element. The situation is 
further complicated by the existence of some interaction between the various factors. 
Howe\ (T, one thing is cbuir all the factors should be kept as constant as possible 
if th(‘. spinning t(*st is to l)e satisfactory. Stringent precautions are adopted at the 
Technological Laboratory to see that the machinery factor does not change : and 
the o|)erativ(j staff has Ixuvn carefully trained in the class of work required from 
them, and ('.very eff’ort made to reduce to as small dimensions as possible any dis- 
turbing effect du(*. to tlu' human factor ; it remains to consider the possible dis- 
turijing effects arising from changes in the physical conditions niuh'r which the 
t(5sts are carri(ul out. It is generally believed that, to get best results in cotton 
spinning, it is necessary to maintain both the temperature and the humidity above 
certain minimum values ; some go even further and state that not only should 
the temperature and humidity be kept fairly high, hut they should not l)e allowed 
to flu(‘.tuate. Different values have been assigned by various authors to the mini- 
mum humidity which sliould pr<*vail during spinning, but minima of 50 per ci'nt., 
and even 00 to 70 pc^.r ec'iit. relative humidity have been strongly supported, al- 
though the minimum has occasionally been put at 40 per cent, or even less. By 
uK'.ans of the Carrier system of humidification installed in the spinning laboratory 
it would be possible to have standard conditions of temperature and humidity all 
the year round and so (dimiuate this factor ; but as no dehumidifying plant is avail- 
able. it follows that the vStandard conditions would have to be such as could he main- 
tained even in the monsoon months. These conditions are a temperature of 92°F. 
and a relative humidity of 70 per cent. Even with the ventilation which is afford- 
(‘.d by the Carrier system, however, these conditions occasion much personal dis- 
comfort to th(^ staff and must be regarded as coini^aratively unhealthy. And as, 
moreover, operatives ar(' much more apt to make mistakes when they are working 
imder such extreme conditions, it is evidently most desirable to avoid, if possible, 
the adoption of the standards mentioned as all the-year-round standards. Better 
and more trustworthy results may be expected when the operatives work under 
those conditions which ensure the maximum of comfort without vitiating the spin- 
ning tests. It was primarily for this reason that tests were undertaken at the Tech- 


* “ Tho Effect of TcTTipcrafeure and Humidity on Cotton Spinning, with particular I’oferonc© to 
conditionR in Bombay”, /wd. Cm, Cotton Comm, Tech, Lab, Bull, No. 9, Tech, Ser. No, 4, Augusl 
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nolo^^ical Laboratory to determine, it possible, what dif[er(*nees result from differ- 
ences in the pliysieal conditions under which the spinning t(‘sts are carried out. 
As, however, the subject is one of geiKTal interest to those engaged in cotton spin- 
ning, the o])})ortunity was taken to review tlie whol(* (juestioji as to how the limit 
conditions of temperature and humi<lity normally expericncisl in the Bombay 
climate com})are with the limits which are perniissibh^ without didriment to (a)tton 
spinning. 

Tn this investigation the machinery factor was kept constaiit, ami a study made 
of the effect of tempiirature and humidity on cotton sj)inning, using a number of 
difhTent standard Indian cottons ; the object of using a number of cottons was to 
determine and so allow for th<i cotton factor alluded to al) 0 ve. Seven different 
cottons wer(' thendore spun under three different 8(>ts of physical conditions of 
t(‘mperature and humidity. The cottons were: Dharwar 1 (Kumpta), Gadag 1 
(f)harwar-Am(Tican), Cambodia. 295 ((V). 1), Nandyal 14 (Northerns), ITagari 25 
(V\''est(^rns), Karunganni, and Memphis (American). The s])inning eonditions 
were (1) medium-dry, i,(\, (conditions o[)tained when the outside rt‘Iativ(‘ humidity 
is at its low(.‘-st (30 to 50 ])(‘r cent.) ; (2) normah Le., conditions in wlii( h the tem- 
perature is about f)ufc not Ixdow HO'^F. and the relativic humidity is about 05 per 
cent, but never Ixdow 00 per (ctmt. ; and (3) monsoon, ij\, eonditions in which 
tlu* t(‘mp(irature is 90°F. and tin*. r<*lative humidity is al)out 70 jx'i* cent. Tlnise 
tlir('(c s(‘ts of ])hysical eonditions ma.y be taken as covering the range* of conditions 
(cxpecriencecd in I ombay ; in up country districts miK’h dri(*r conditions oft(‘n pre- 
vail — viz., tcm})eratures above lOO^F. accompanied by relative* humiditi(‘.s below 
30 jxT cent.,--' so that the conelusions drawn from the present in\^(*stigation cannot 
he^ ap])]ied directly to such dry conditions. 

Faedi of the seven cottons was spun in duplicate into three different type's of 
yarn imde^r ea.eh set of physical conditions. Observations w(*r(‘ nnuh^ of the* e'ffects 
of thfi several conditions on (1) comfort of the operative staff in working ; (2) work- 
ability of the material ; and (3) appearance and strength of the yarn. From this 
it will be seen that attention was paid to just those points which matte‘r from tlie 
])ractical point of view. The following observations were made during these 
tests : 

Comfort. It was found that the operatives were more comfortable and preferred 
to work under the normal conditions rather than either of the extremes. 

Workability of material. As to workability of the material, observation showed 
that under the medium-dry conditions web-shedding in the card was le\ss than 
normal, as was also the total waste in this machine ; but throughout the processes 
the material was dry and fuzzy, giving very little fly, but occasionally giving 
trouble in the drawing frames. Under the monsoon conditions web-shedding and 
total waste in the card were rather greater than normal throughout the processes, 
however, the material ran very well, Toeing soft, silky and free from liveliness, 
Uit depositing a good deal of leaf, nep. etc., on the ring rails. 
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The differences in the waste made by the different cottons are summarized in 
the following table : — 


Condi | 

Blow Room 
Loss (% ) 

Card Rof)m 
Loss (% ) 

Relative 
Humidity (% ) 

Modinni-dry ....... 

()*9 

5-8 

46 

Normal 

6-7 

60 

66 

1 

Monsoon 

00 

7-2 

72 


From this table it can be seen that the differences in the blow-room loss under 
the different conditions are insignificant ; the card-room losses, however, are 
decidedly greater under the normal conditions than under the medium-dry, and 
greatest of all under the monsoon conditions. It may be remarked that this order 
of differences of card-room loss invariably occurred for each individual cotton. A 
small part of it may be attributed to the different humidity conditions in the spinn- 
ing room in which the carding was done, but the greater part represents a real loss 
of cotton, presumably of the shorter fibre. 

The number of ring frame breakages is taken as an index of behaviour of the 
material during the actual spinning, and the following mean results were obtained 
for the six cottons which were spun into the three undermentioned counts : 


Yarn breakages per 100 spindles per hour. 


Conditions 

20’h 

.‘lO’s 

4()'h 

Medium-dry ....... 

5 

4 

4 

Normal ........ 

5 

4 

6 

Monsoon ........ 

6 

4 

4 

1 


This summary table shows that the cottons spun well under all three sets of 
conditions. 

Appearance of yarn. The yarn spun under the mediiun-dry conditions was 
oozy, and very lively and full of crimp, as reeled soon after being doffed from the 
ring frame ; the yarn spun under normal conditions did not suffer from these draw- 
backs to anything like the same extent ; and the yarn spun under monsoon condi- 
tions was in general very smooth and free from cr’mpiness. That the yarns were 
unaffected by the different conditions, so far as their evenness and neppiness ar^ 
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concerned, is clear from the following table showing the mean results for all cottons 
except Karunganni (which was not spun into 40’s counts) : — 


ronditiejnw 

Evonno8.s oiaKs j 

NepH p('r yard 

2(rH 


KCh 

20’ s 


40’.s 

M('(liuni-(]ry ...... 

2 5 

4 

5 

1 

13 

10 

Nonnal ...... 

2*5 

4 

5 

1(> 

1-7 

2-0 

MonHoon ...... 

2-5 

4 

5r) 

17 

1-9 

2-0 


This table shows that although the evenness and to some extent the neppiness 
arc much affected by the (;ounts of yarn spun, yet the eff(M;t of altering the c^ondi- 
tions of 8j)inning is insignificant. The same result was obtained for each of the 
individual cottons, which differed considerably among themselves in these two 
properties. 

Strength of yarn. An analysis of the relative spinning test results under the 
different conditions showed that, taking all counts together, in one case the medium- 
dr y-spiin yarn is stronger than the normal-spun yarn ; in 12 cases the normal- 
spun yarn is stronger than the medium-dry-spun yarn ; and in 7 cases the differences 
are inappreciable. In 5 cases the monsoon-spun yarn is stronger than the norm«‘d- 
spun yarn ; in 8 eases the normal-spun yarn is stronger than the monsoon-spun 
yarn ; and in 8 cases the differences are inappreciable. 

The following table shows the average values obtained for the count-strength 
products and the single-thread strengths imder the different conditions, for the six 
(jottons spun into 20’s, 30’s and 4()’s counts ; the values given below are the aver- 
age values for all the cottons spun into a particular count : 


Conditions 

Count -Strengt h 
Product 

Single-Thn‘ad 
Stnuigth (oz.) 

Tcstinij ]{<)om 

H. H.% 


2()’s 

30’h 

■KJ’s 

2(»’8 

3U’s 

40\s 

D 

30’s 

40\s 

Medium -dry . 

1,781 

1,5(53 

l,29(i 

12-3 

70 

51 

58 

59 

50 

Normal 

1,827 

1,()10 

1,309 

12-4 

8-1 

5-8 

03 

07 

07 

Monsoon 

1,8.35 

1,600 

1,371 

12-7 

8-0 

50 

64 

1 

03 

04 
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Each strength figure in the table above is the average of 600 tests for lea strength 
and 1,200 tests for single thread strength. Taking all counts together, we get 
the following average figures — 


Conditions 

Count-Slrenptl) 

Product 

Single-Thread 
Strength (oz.) 

Testing Room 

B. n.(%) 

Medium -dry ....... 

1,547 

8*4 

58 

NormaJ ........ 

1,002 

8-8 

00 

Monsoon ........ 

1,004 

8-8 

04 


Each figure in this table reprcRents the average of 1,800 tests for lea str(*ngth, 
and 3,600 tests for single thread strength. It will be observed that on th(» average 
the differences between the strengths of yarn produced under the diffcuent condi- 
tions are very small ; as between the normal and monsoon conditions, the difler- 
ences arc indeed negligible. From the summarized results, however, it appears 
that the normal-spun and monsoon-spun yarns are equally strong, and that they 
are slightly stronger than the medium-dry-spun yarns, the differences in the count- 
strength products being between 3 and 4 per cent., and in the single thread stnuigths 
about 5 per cent. The slight superiority of the normal-spun and monsoon-spun 
yarns is no dou])t partly due to their being tested at a slightly higher humidity, 
as will appear from column 4 of the table above ; but this still leaves about half 
the difference in strength unaccounted for ; the remainder may probably be traced 
to the greater card-loss — presumably of shorter fibre — sustained by the cotton of 
the normal-spun and monsoon-spun yarns. The difference may also b(‘ partly 
due to the slightly greater trouble occasionally experienced with the cotton in the 
drawing frames under the medium-dry conditions. The most important point to 
observe, however, is that the total differences in strength between the yarns spun 
under the different conditions are very small — so small indeed, that their presence 
might have been masked by the inevitable sampling errors if the tests had been 
confined to one cotton, so that from a practical point of view the differences refer- 
red to can hardly be regarded as possessing any great significance. 

The climate of Bombay, A section of the bulletin deals with the temperature 
and humidity conditions of Bombay in relation to cotton spinning. Tables are 
given from which can be ascertained the normal temperature and the normal humi- 
dity experienced in Bombay for each hour of the day for every day of the year ; 
an analysis is also given of the frequency of occurrence of conditions of low humidity 
during the comparatively dry period— December, January and February. From 
a consideration of these conditions, and of the spinning test results obtained under 
the A nrious conditions of temperature and humidity, it is concluded that the climate 




RESEARCH IN COTTON TECHNOLOGY IN INDIA, 1927 


366 


of Bombay is a most suitable one for tbe processing of the material in cotton 
spinning. 

As already pointed out, however, the human factor has also to l)e considered 
as well as the processing of the material. And although the com])aratively hot 
and humid conditions of Bombay may make it easy to secaire satisfactory conditions 
for the processing of the material inside the mill, and may indeed feel comfortable 
to th(‘ worker, it by no means follows that they are the most desirable conditions 
for the worker to live in, day l)y day and month by month. The temperature to 
which the Indian o})erative is subject outside the mill often does not differ greatly 
from that inside the mill. The state of ^affairs is quite different in Europe, where 
tbe mill operatives are subjeett to daily and seasonal iips-and-downs in temperature 
which have a de(?idedly bracing effect ; thus the enervating effect of the atmos- 
phere inside European mills is partly counteracted by the tonic (iffect of the changes 
in the climatic conditions whi(‘h the worker experiences when he leaves the mill. 
This is no doubt one reason why the European mil) o])erative works with gr(*ater 
intensity than his Indian rm///erc. Hence it would appear that the climatic ad- 
vantag(i which Bombay enjoys in connection with the processiiig of the material 
is offset by the (dimatic. disadvantage to which the human fa(*tor is subject. 

The (Jfccl on, yrodudion. it may be observed that the chief economics (consider- 
ation in cotton spinning as in any other industrial process is thee cost of production 
in ndation to the selling ])ri(H\ Wh(‘n, as in the case of cotton yarn and (doth, 
the nianufactur(Hl artichc has to compete in the world markets, the effect of cli- 
mate on production in the different producing centres is a most important one. 
It is largely because of (dimatic effects on the human element that TiidiiOi mills have 
t,o emj)loy far larg»T numbers of op(Tativ('s than are nec(‘ssary in a European mill. 
The prodiKction of a spinning mill, however, is entirely a matter of (uisuring that 
idle ring spind’es are outinuously spinning yarn. Loss of production is diu*. to 
some of the spindles not producing,* and may arise from the following common 
causes : (I) yarn breakages, so long as they remain unrepaired ; (2) the ii(*cessity 
for doffing full bobbins and replacing them by bare bobbins ; (3) spindles Ixdng 
stopped while spinning bands are being replaced on them ; and (4) the shortage 
of full roving bobbins to fill the creels of the spinning machines. 

We may now examine how these causes of a falling off in the ])rod motion are 
likely to be affe.cted by differences in the physical conditions of spinning. From 
what has already bexm said, it will be clear that so far as the processing itself is con- 
Cloned there is no reason to apprehend a loss of production from any of these causes. 
But the human factor is another matter ; if the conditions are not satisfactory it 


* In any comparative production tc^st, it is of course most important to soo that in each case the 
product is in the same “ condition,” t.c., has tlie same moistun^ ennUmt ; if yam is spun under dry 
*md humid conditions I’cspoctivoly without any change in the cotton mixing or the niachin^My. and 
is wcigh('d as tptin, tlio extra moistufj pmsent in the mom huinid yam must he aIIovvo(I for it must 
not be reckoned as a real increase in th(' production. 
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is conceivable that the operatives may take more time in repairing breakages, in 
doffing the full bobbins, and in replacing spindle bands. Hence very cold or very 
hot conditions in a mill, or the extreme conditions here referred to as the monsoon 
conditions, especially if coupled with bad ventilation or little air movement, may 
possibly lead to a reduced production. The Laboratory tests were not of a nature 
to indicate whether any loss of production would be experienced in this way, and 
if so, what its magnitude would be, as it would depend upon the particular condi- 
tions existing in each mill — the operatives, the management, the machinery, the 
cotton mixing and 'ie counts spun from it — and would accordingly have to be 
determined for each mill separately. 

Conchtsions. The following are the chief conclusions drawn from these tests : — 

(1) Comfort. For the comfort of the operative staff the normal conditions 

about (but not below) 80°F. and about (but not below) 60 per cent. 
R. H. are more satisfactory than either of the extreme conditions. 

(2) Workability. For workability of the material in proeessiTig. the dry 

conditions are undesirable as they load to fuzzy material whi(;h oc- 
casionally gives some trouble. Normal conditions are satisfactory 
throughout. Monsoon conditions give rise to excessive web shedding 
and rather more waste in the card, but otherwise cause no trouble. 

(3) Appearance of yarn. Yarn spun under medium-dry conditions is oozy 

and very crimpy ; yarn spun under normal conditions is less oozy 
and less crimpy than the yarn spun under medium-dry conditions ; 
yarn spun under monsoon conditions is very smooth and free from 
crimpiness. These differences practically disappear when the yarn 
is conditioned. 

(4) Strength. Within the limits of temperature and humidity within which 

these tests were carried out, it is impossible to lay down any hard 
and fast rule as to which conditions (medium-dry, normal, or mon- 
soon) will give rise to the strongest yarns, the differences for the most 
part being inappreciable, although there appears to be a tendency 
for the medium-dry conditions to lead to slightly weaker yarns. 

(5) General. The processing of the material in cotton spinning and the 

quality of the spun yarn are not seriously affected by the spinning 
processes being carried out at relative humidities as low as 40 per 
cent. ; but taking all things together, the normal conditions are 
probably best for carrying out cotton spinning tests. 

(6) Bombay conditions. Bombay conditions are practically ideal for the 

processing of the material in cotton spinning. 

{To be^continued). 
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On the 9| million acres of swamp paddy land in Lower Burma wh(‘r(‘ almost 
th(' whole of tlie Burma ricc^ of commerce is produced, the paddy crop has hith(Tt(» 
becui {^T’own practically witJiout manur(‘. There is an impression abroad that this 
land receives an annual coating of river silt wlii(!h enriches the soil and maintains 
its f(‘rtility. But so far as the main paddy is concerned, this is not so : and the 
land which does receive this coating of silt, with the exception of some parts of 
fch(‘ lower Delta, is generally in such a precarious position, lialde to severe damage 
by floods, tliat })addy growing tlier(' is a very speculative business and may l)e 
left, out of consideration in the present ])aper entirely. Tin' main part of the paddy 
an a receives no annual coating of silt, but is on such a levtd that, while by means 
of small field embankiiients it can hold enough rain water to maturtj a crop with 
a growing p(^riod of 150 to 200 days, it is high enough to be comj)aratively safe 
from tlu' flood waters of the Burma rivers during the monsoon. 

The comparatively high prices ruling for paddy since the War have encourag(*d 
the extension of cultivation into the low lying and more precarious tracts which 
do receivi^ silt, and it is chiefly owing to this fact that so much has been IknikI 
in the past few years of the increasing damage done by floods to the paddy (’Top : 
for these low lying areas on the margin of cultivation, and morci or less recently 
brought under the plough, have suffered most. 

Permanent level of fertility reached. 

The system followed, of continuous annual cropping with paddy, is exhausting 
wluin practically nothing in the w^ay of manure is returned to the soil ; but most 
of the land has already lost its virgin fertility and has been reduc(?d to a level of 
productiveness which now appears to be fairly constant — a level at which the })lant 
food removed by the annual rice crop is made good by the natural break down of 
the soil The only reliable statistics available do not show that there has bet'u 
anjr progressive decline in fertility within recent times ; and this is supported by 
S(ittlement and other reports going back farther than 1913-14, from which year 
comparable records of acreage yields arc available. Taking the Hanthawaddy^ 
District Settlement Reports as an example, the Reports from 1872 to 1910 show 

( 357 ) 
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that in the areas dealt with, there has been no decline in fertility during this time. 
The actual figures given, show yields per acre well above the average now accepted 
for the country as a whole, and we are probably safe therefore in assuming that 
ui»der the present system of cultivation a general average yield of about 1,500 lb* 
per acre, apart from annual fluctuations, may be expected to continue in Lower 
Burma for some coiLsiderable time. 

Under the circumstances, this yield may be considered fairly good and com- 
p~ares not unfavourably with that of some other tropical rice growing countries. 
The following table compiled from figures extracted from the International Year- 
Book of Agricultural Statistics shows the relation between the principal rice grow- 
ing countries in 1926. The figures must be regarded as a rough indication only, 
since methods of recording yields vary in different countries, and China, one of the 
largest rice growing countries, records no figures at all. Thus as an example, the 
acreage yield in India as a whole is based on the sown area, while that for Burma 
is on the matured area only. 


Principal ricp: growing countries. 


Country 

Acreage of rice 

Yield i>er acre 

India .......... 

79,134,000 

lb. 

1,281 

China .......... 


Indo-China ......... 

12,796,000 

1,041 

Java ........... 

8,356,000 

1,378 

J apan .......... 

vSiam ........... 

7,738,000 

2,875 

7,157,000 

1,680 

Phillipines .......... 

4,252, OCK) 

1,014 

Korea .......... 

3,885,000 

1,565 

Prcnch Guinea ......... 

2,038,000 

890 

Formosa .......... 

1,400,000 

1,761 

Madagfiscar ......... 

1,372,000 

900 

Brazil .......... 

1,323,000 

1,130 

II. S. America ......... 

1,014,(K)0 

2,262 

Ceylon .......... 

829,000 

676 

British Malaya ......... 

(>64,000 

1,000 

* Soviet Ru.ssia ......... 

583,000 

1,050 

Sierra L(;onc ......... 

400,000 

1,603 

Italy ........... 

365,0(X) 

4,062 

Egypt 

191,200 

2,847 

ScMiegal .......... 

123,300 

890 

S])ain .......... 

121,(K)0 

6,800 

Mexico .......... 

118,400 

1,300 


* Pre-War — 1909-1913. 


The yields in Spain, Italy and Japan are outstanding, and have been so for 
many years, due to the intensive methods adopted there : but it is worth while 
rioting that until 1916 the yield in America was approximately the same as for 
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Burma, and the higher figure now shown is a comparatively r(‘.cciit achievement. 
This increased yield has been brought about principally by the more extended 
list' of fertilisers ; and although a similar increase could be brought about in Burma 
by the same means, this could not in the past be done at a profit for reasons which 
will be adduced later. 


Need for manuring. 

The need for manuring of paddy land in Lowt^r Burma has been one of the sub- 
ji‘cts under investigation at the Hruawbi Experimental Station for a number of 
y(‘.ars, and among other experiments a series of plots treat(‘d with different manures 
was laid down in 1913 designed to ascertain what manurial constituents were d(‘> 
lleumt in these soils, and to wliat manurial treatment they would probably respond 
best. This experiment was continued for 10 years, the individual plots being 
manured as shown below for 5 cons(M*utiv(‘ years, and the controls left untreated. 
Manuring was then discontinued and all plots were observed for a further period 
of 5 years to record the residual effect oi the different manures employed. The 
results have been })ublished in the annual rc'ports of the Hmawbi Station, but I 
have condensed them here into a single tabh‘ which is given Ijelow. 


No. 

{<0 

'J’lratmoit (jxt uore)- 

('d 

5 years manure. 
Per cent in- 
crease over 
averag(5 of 
controls 

(<•) 

6 years residual 
effect. Per cent, 
increase over 
average of 
controls 

1 

{d) 

l 

Cattle manure at 30 lb. nitrogen ..... 

+ 37-5 

4-21-8 

2 

Cattle manure at 60 lb. nitrogen ..... 

4 62-3 

4 34-5 

3 

Cattle manure at 70 lb, nitrogen ..... 

-1 08-7 

4 37-8 

4 

Cotton eako at 60 lb. nitrogen ..... 

+ 54 -8 

4 - 29-2 

5 

Cattle manure at 30 lb. nitrogen, 8u]X‘rphos|)hale at 30 lb. 
P,Oj, Sulphate of potash at 30 lb. K^O. 

4-630 

+ 54-0 

0 

Cattle manure at 30 lb. nitrogen, Supcrj)hoBphate at 20 lb. 
PiOfi. 

4 43-5 

4 27-0 

7 

Cattle manure at 30 lb. nitrogen. Bone-meal at 20 lb. 

PA. 

+ 51-0 ! 

1 

4 31-8 

8 

Bone-meal at 20 lb. PfO, ...... 

4-20-6 ' 

+ 9-5 

9 

Superphosphate at 20 lb. PaOg ..... 

4-35-3 

f 15-3 

10 

Sulphate of potash at 20 lb. KjO. ..... 

4 6-0 

—0-6 

11 

Sodium nitrate at 30 lb. nitrogen ..... 

—170 

—35-5 

12 

Sodium nitrate at 30 lb. nitrogen. (Applied as top dres- 
sing). 

+ 6-0 

—25-0 

13 

NitroUm at 30 lb, nitrogen ...... 

4 11-0 

4 04-2 

14 

Ammonium sulphate at 30 lb. nitrogen .... 

+ 32-6 1 

—26-5 

16 

Lime at 2,000 lb. . . . * 

4 - 24-0 ! 

4-1*9 

K) 

1 

Ammonium sulphate at 30 lb. nitrogen, Superphosphate 
at 20 lb. PaOs, Sulphate of potash at 20 lb. KaO. 

4 33-5 

4-17-5 
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Among other information provided by this table, the most important facts are 
the indications given that the chief requirements of paddy on these soils are 
nitrogen in the form of ammonia, and phosphate : that potash is nob shown to be a 
definite limiting factor : and that nitrogen in the form of nitrate is distinctly harm- 
ful. The deficiency in nitrogen and phosphate shown, is confirmed by the chemical 
analyses of these soils which are also published in the Station Reports, and subse- 
quent experiments have borne out the correctness of the conclusions drawn. The 
Lower Burma soils differ from the Upper Buimia soils in being distinctly acid, and 
respond to dressings of lime although in no v(Ty great degree : and experiments 
with lime have shown that while it is beneficial to the soil and increases the crop, 
the cost renders its use uneconomic. 

iNDKiEKOUS MANURES AVAILABLE. 

The more or less readily obtainable indigenous manures able to supply the 
deficiencies indicated includes cattle dung, bats’ guano, fish wastes, bone-meal, rice 
bran, cotton cake, green manure' crops, etc., but the quantities of each are quite 
inadequatiJ for the purpose of bringing about any marked increase in fertility. 
Cattle dung is by far the most important and the quality and amount of this avail- 
able for paddy land may well be considered first. 

In tlui system of cultivation followed, one pair of Inillocks is able to work from 
8 to 12 acres, and as there is practically no land other than paddy land worked by 
bullocks, an average of one pair of bullocks to every 10 acres is a reasonable figure 
to assume for the ratio of livestock to cultivated area. Cattle are only bred loc;ally 
to a negligible extent owing to the unsuitable swampy conditions, and nearly all 
the working bullocks are imported from the dry zone of Upper Burma. This being 
so, the cultivator seldom keeps more bullocks than are strictly necessary to cul- 
tivate his land, and he has no young stock to augment his supply of cattle dung. 
Other cattle there are, kept on the uplands by Indian cow keepers for milk pur- 
poses, but these contribute practically no manure to the paddy land. The ratio 
of one pair of bullock to 10 acres of land is borne out by the figures of livestock 
and the cultivated area for the two great paddy growing Divisions in Lower Burma. 
The Pegu and Irrawaddy Divisions comprise betwT.en them 7,342,174 acres of cul- 
tivated land including gardens, which constitute only about 6 per cent, of the 
whole : the livestock comprising bulls, bullocks, cows and young stock, and includ- 
ing all classes of buffaloes, amounts to 1,490,134 animals, or 745,067 pairs, which 
is near enough 1 : 10 for our purpose. 

The amount of dung which a single bullock will contribute to the manure pit 
in the course of a year, according to records kept at the Hmawbi Station, is about 
3 tons, or approximately 6 tons for a pair. If carefully conserved, this amount 
woul^l be available each year for 10 acres of paddy land : but under village con- 
ditions the need for careful conservation is not appreciated, and the wastage is 
so great that not more than half this quantity ultimately finds its way to the laud. 
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In fact BO little is the value of cattle dung appreciated in some of the more fertile 
tracts, that I have seen a cultivator throw it into a near-by creek to avoid the 
trouble of storing and carting it on to his land. 

The more ordinary way of using the available cattle manure is to collect what 
has been loosely stored in the open for the past year and spread it on tlie nurseries 
which constitute a tenth of the holding : the main area is not manured at all. The 
manure so applied, in addition to being deficient in quantity, is lacking in quality ; 
concentrates are only fed to the cattle on a small scale, and when the manure has 
Ijeen stored in the open through part of the rains it is very poor stuh indeed, as 
analyses show. 

There is a good deal of scope for improvement in the methods of conserving 
and applying this best of all manures, and efforts towards bringing this about are 
being made by the Agricultural Depai-tment : but even when the best has b(;en 
done, the fact remains that there is not enough cattle manure to go round, and a 
dressing which at best averages about 3 tons for 10 acres, can hardly be considered 
sufficient to maintain the fertility of the land, far less to improve it. 

Of the other manures such as bats’ guano, fish waste, bone-meal, ric(; bran, 
(mttou cake, etc., those are either strictly limited in quantity lik(? tlu* first three, 
or fetch higher prices for other uses outside general agriculture than they art‘. worth 
as manure. Even the purely mainirial substances like bats’ guano and lish guano 
sell for much higher prices to gardeners and concairns growing valuable money 
crops than a crop of low money value per acre like paddy can afford to pay. The 
use of these expensive manures on paddy although it increases the outturn per 
acre considerably, results in a heavy monetary loss, as experiments at the Hmaw bi 
Station clearly show. Bone-meal is on the border line and just manages to pay 
its way. 

The growing of green manure crops constitutes a w^dl recognised method of 
maintaining and improving soil fertility, but on tlu*- old paddy laud these cannot 
be grown with any reasonable prospect of success. When the. rains linish in early 
November, the soil dries up very quickly and assumes a cement like hardn(‘ss in 
which no green crops wdll grow' : even seeds broadcasted among the ripejiing paddy 
crop fail to establish themselves. Mpst of the knowm green manure croj)s and the 
different methods of growing them have been tried under these conditions, but 
have failed. The hard condition of the ground associated witli the long rainless 
spell from November till May renders growiih difficult, but on some of the reten- 
tive soils of the middle zone to the north of the main paddy area 1 have seen a green 
crop of suim hemp grow very well indeed. 

These are the main sources of indigenous manure. Night soil is not included, 
for the people of the country will not touch it : and the attainiiKUit of a high stan- 
dard of permanent and increasing fertility by this means, similar to that existing 
in China and Japan as described in King’s ‘ Farmers of Fort}^ Centuries,’ appears 
to be outside the bounds of possibility. 

D 
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Synthetic farm-yard manure appeared an attractive proposition for Burma, 
but it is (5xp(;nsive to make, and experiments with it at klmawl)i since 192d have 
been disappointing so far as profits are concerned. The pros])i‘ct of its use has not 
been abandoned, however, and experiments with this form of manure axe being 
continued. 


A UTIFi Cl Al. FE \IT I LlZlOllS . 

This brings ns to the use of imported fertilizers to augnumt tin*, scanty su}>]>lies 
of indigenous organic manures, and the reasons why these hav(^ not been more 
strongly u.dvocated for paddy in the past. 

To supply tin* important constituents of ammoniacal nitrogen and ])hos])horic 
acid, tlie mainires avaihihh* liitln*rto have b(‘en sulphate of ammonia and su]u*r- 
phosphate, and t}n*s(‘ have prov(*d entmdy suitable for the swam])y conditions 
under which paddy is grown. But it has already been mentioned that a crop of 
low money valia* p(*r acre like paddy cannot give an economic return lor exp(‘nsiv(*, 
manimis. As 1 shall show later, imported Biilphate of ammonia and superjhos- 
phat<' are cln^ajx'r than the indigenous manures already dealt with, and tin* qiu's- 
tion of whether it was economic or not to us(* these manures has dep<*nd(‘d upon 
th(‘ relative prices of the manure and the ])addy, both of which have fluctuated 
considerably in the ])ast. 

The prices of sul})hate of ammonia and su])erphosphate at Rangoon beion* the 
War, at the end of the War, and at the present time, are as follows : — 


Year 

Sulphate of 
ammonia 
per ton 

Su])orphoKphate 
(18-20) 
jier ton 


lls. 

Rs. 

I'jii 

240 

75 

1919 

488 

150 

1928 

170 

75 


For 10 years before the War, the threshing floor price of paddy in the districts 
close to Kangoon fluctuated from Rs. 96 per 100 baskets (approximately 5,000 lb.) 
to Rs. Ib'J per 100 baskets. The price in 1914 was Rs. 125, and the average for 
the 10 years period prior to the War was Rs. 124. Since 1920 the price has fluc- 
tuated between Rs. 146 and Rs. 196 with an average of Rs. 176. In the present 
year the threshing floor price was Rs. 170, but contrary to custom has fallen since 
to Rs. 160 at the begiiming of the rains. 
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Taking the general average crop as 1,500 lb., or 30 baskets per acre, an apj)li- 
cation ol 1 cwt. of sulphate of ammonia jdas 1 cwt. of superphosphate per acre 
can be expected to increase the croj) l>y approximatt'ly 30 ptu* Tfu* actual 

iucr(iase to be expected varies with soil and other conditions, but that this figure 
is not an overestimate will be shown by the rt^sults of a recent experiment to be 
quoted later. 

Taking the situation as it was in 1911, let us see w hat the monetary results of 
such an a])plication to such a croj) would hav(‘. been. 

Adding Ks. 10 per ton to the (U)st of sid])hate oi ammonia and to that of super- 
|)lios2)hat(‘ to get the manure from Rangoon on to the cultivator’s holding, one 
cwt. of the former would (lOst Rs. 12-8 and of the latter Rs. 4-4, a total of Rs. lG-i2. 
A 30 basket crop at Rs, 125 p(;r hundred baskets w'ould be worth Rs. 37-8. An 
increase of 30 p(;r c<.*nt. on this woiild b<‘ Rs. 11-1 ; and the diherence ])(*tween 
Rs. lb- 12, the cost of the manure, and Rs. 11-4, the resulting increase in the 
croj), would be a loss of Rs. 5-8 p<T acre. 

In 1928 the corresponding iigure would }k‘ : cost of manure Rs. 13-1 ; value 
ol Croj) Rs. 51 ; value of 30 per cent, increase, Rs. 15-5 ; result, gain of Rs. 2-1 p(‘r 

Tlicsc (Igures ar(‘ shown more concisely in th(‘ follow ing form 


— 

Paddy price 
]H‘r 100 
ba.skoU 

\ alue ot 
en>]» nf 
.SO 

per aen; 

\'ahu' of 

SO }»er cent 
iin'reas(‘ 

('(K-.t of 

nianuja* 

j>er aete 

1 )iif('i'(‘ne(j 





Hk. 

Ks. 

Ks. 

Ks. 

Ks. 

J'Jll . 



• 

1lV> 


1 IL*.-) 

1 ()-7r) 

J.<uss 

5-00 

lULCS . 

• 

• 


170 

51-0 

ir)-3o 

la-i’o 

(uiin 

L^-O.) 


NeW^ artificial FKRTILIZEJLS. 

This shows clearly the change, which has been brought al)out since btlnre tlie 
War, partly by the drop in the price of artificial manures and ])ar11y by the rise 
:n the price of paddy. But a circumstance has arisen w^hieh is of great tT' impoil- 
auee. This is the advent of the new manures combining amnumiaeal nitrogen 
and phosphate in one, produced at a cheap rate by methods evolved as a result 
of the w'ork done on high explosives during the War. Two of these' are' available 
now in India and one of them has l)een tried over tin* past three yeai's on padd} 
land at Mmawd)i, and in the surrounding districts. With another now^ under trial, 
calculating the cost per acre on exactly the same basis as in the jnevious table, 

d2 
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the cost of the same quantities of nitrogen and phosphate to produce the same 
effect would be Rs. 11-2 instead of Rs. 13-4, and the price of paddy would have 
to fall below Rs. 124 per 100 baskets before the balance of profit and loss were 
tipped in the wrong direction. These new manures also possess the added advan- 
tage of being single chemical compounds which require no mixing ; and owing to 
their concentration, the transportation charges arc cut in half. 

Experimental results. 

The first of these new manures to come to hand for trial in 1924 was Ammo- 
Phos which was obtained from New York in two grades, 20-20, and 13-48. This 
gave promising results, and an experiment was put down last year to determine 
the optimum dressing per acre. The quantities used were 50,100,200, and 300 lb. 
per acre, and the plots for each were laid out in a continuous series, each treatment 
being replicated 6 times. The size of each individual plot was approximately 1-41 
of an acre. The response to the manure was remarkable, and although the season 
was a good one, and the appearance of the plots during the growing season bore 
out the final weighing results, the percentage increases of from 47*7 per cent, to 
1x8*6 per cent, are higher than can be normally expected. Taking the cost per 
ton of Ammo-Phos plus freight at Rs. 230 for the 20-20 grade, and Rs. 255 for the 
13-48 grade ; paddy at Rs. 170 per 5,000 lb. ; and allowing nothing at all for the 
increased straw which has no value in Burma, the results of the experiments with 
the 20-20 grade and 13-48 respectively were as follows : — 

Ammo-Phos. 20/20 grade. 

Fields Nos. 75 and 76. Size of plots — 0*024 acre. 

Variety of paddy — C19-26. Replicated 6 times : 32 plots. 



N aturo ol 
treatment per 
acre 

YlIiLO TEK AOKJi | 

1 1NCUBA.8E PKK ACKE | 

Value of 

1 ncreaso 
per acre 

Cost of 
treatment 
per acre 

Front per 
acre duo to 
manure 

Per cent. 

No. 

Grain 

Straw 

Grain 

Straw 

Increase in 
grain per 
acre 


1 

2 

8 

4 

5 

0 

7 

8 

9 



lbs. 

lbs. 

lbs. 

ibs. 

ll8. A. 

Rs. A. 

Rs. A. 


] 

Control . 

1,250 

3,292 





•• 

- 

2 

50 lb. 

1,840 

4,158 

590 

806 

20 4 

5 2 

15 2 

47-7 

8 

100 Ib. . . 

2,096 

5,207 

846 

1,975 

28 12 

10 4 

18 8 

67-7 

4 

200 lb. . , 

2,542 

0,504 

1,292 

3,212 

43 15 

20 8 

23 7 

► • 0 

103'4 

5 

800 Ib. , . 

2,733 

7,250 

1,483 

3,958 

50 7 

80 12 

10 11 

11180 


standard error 4.9 per ottiU 
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Ammo-Phos. 13/48 grade. 

Fields Nos. 51 and 62. Size of plots — 0-024 acre. 

Variety of paddy — 019-2(5. Replicated 6 times : 32 plots. 




Yikld pk» acre j 

1 Increase per acre 

Valiio of 
ln(Toasc 
jxjr aero 

Cost of 
trontment 
per acres 

Profit per 
acre due to 
manure 

Per cent. 

No 

Nttt*ur(j of 
troatnient per 
aero 

Grain 

Straw 

Grain 

Straw 

Increase, In 
RTiiln per 
aero 


1 

2 

3 

4 

5 

6 

7 

8 

9 



lb. 

lb. 

lb. 

lb. 

Ka. A. 

Rs. A. 

Ra. A. 


1 

Control . 

1,533 

3,846 





•• 

•• 

2 

no lb, . . 1 

1,971 

4,358 

438 

512 

14 14 

5 11 

0 3 

28*6 

.'1 

100 Ib. . 

2,017 

.5,200 

484 

1,356 

16 7 

11 6 

5 1 

31-0 

4 

200 lb. . 

2.575 

6,071 

1,042 

2,225 

3.5 8 

22 12 

12 12 

67-9 


aoo lb, . 

2,050 

5,059 

1,117 

1,813 

38 0 

34 2 

3 14 

72-9 


Stiiiidar'l <Tr''r (»or ct-nt. 


These are exceedingly promising lesiilts and raise several points of interest which 
there is no space to discuss here ; but one thing is made clear, and that is, that profi- 
ta])le mamiring of paddy with artificial fertilizers available in quantity is now within 
the scope of possibility. After discounting the admittedly high increases, which 
are nevertheless given as they weighed out, it must be remembered that the profits 
shown are for one year only, and previous experiments at Hmawbi have shown that 
the effect of this manure lasts for two years, the increase in the second year being 
from one-third to two-thirds those in the year of application. The second year, or 
residual effect of the 13/48 grade is higher than that of the 20/20 grade, which is to 
be expected from the higher phosphate content of the former : but the quick returns 
obtained with the 20/20 grade in the first year are all important where money for 
expenditure on manures of this sore may have to be borrowed at excessively high 
rates of interest. Incidentally, interest charges have not been included in the above 
tables, but the profits shown allow for a fair addition of this kind. 

In both cases the optimum rate of application is 200 lb. so far as profit per acre 
is concerned, but the outlay involved in such a dressing is hardly likely to commend 
itself to such landowners and cultivators who may be induced to take up these 
manures for some time to come. Applications of 60 and 100 lb. are quite satisfactory 
iowever and these should be good enough to begin with. The time of application 
is important. The best time is when the fields have been more or less drained off 
before transplanting : applied later when the fields are full of water the manure is 
wasted. 
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Nitrogen : phosphoric acid ratio. 

Before leaving these two grades of manure, 1 am te.mpted to quote another 
Hmawbi experiment showing the optimum ratio of nitrogen to phosphoric^ acid for 
the paddy soils being dtuilt with. The exp<‘riment was a pot exj)erim(mt and the 
results obtained indi(*.ate that tlui best ratio lie's somewhere ])etween 1 : 1 and 1 : 
3 of N : Pi»0^ with a strong assumption th.it it is about 1 : 2 


Optimum Nitrogen/PoO , ratio. 

Variety of paddy 015-10. Replicated 10 tim*‘s : GO pots. 


Mi-v 

Treatinciit 

N ; 

ratio 

Tillorinp^ 

( )VTTVKS 
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Straws 

Rkwauks 
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(OiafT 

Stnnv 

weight 
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1 

- 


1 


0 

7 

S 




gin. 

gni. 

gin. 



1 

Control . 

S'(i 

20 -r»8 

0— OH 

45-47 

1:1-54 


O 

1:^ 

loo 

2r> 2:1 

101 

5.'» 50 

1:2-20 



1:1 


00 17 

1 00 

52 -10 

1:1-00 

Standard error 




1 




± l -(> or 5*3 por 

\ 

1:2 

s-li 

04 OS 

Olo 

50 - 00 

1:1-47 

cent. 

r> 

1:0 

S-T 

02 ()0 

O'OO 

5(**H7 

1:1-70 


C) 

1:1 

0 2 

2S00 

0-70 

5S !18 

1:2{)7 



These figures, though fairly regular and indicative of whereabout the ratio lies, 
are not accepted as final, and the ex[)eriment is being repeated this y(*ar on a field 
scale. 

Another experiment on a field scale showing the ineffectiveness of potash when 
added to iiitrogen and | hosphaO* manures on these soils might be quoted, but the 
full experiment will be found in the j)rint('d report of the Ilmawbi Station, and 
it will suffice Iktc to say that at present this manure does not })ay its way. 


Comparative costs of common manures. 

While on the subj(‘ct of these manures and their relative costs, it is of interest 
to note the unit values of those which have been referred to in this pajier, and taking 
preseni prices, I have taluilated these below. With the exception of the slow acting 
bone-meal it will be seen that indigenous manures an' dearer per mamirial unit than 
ihc' m‘w artificial fertilizers. ( U* course, organic manures have an additional value 
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of their own, but here they are limited in quantity, and any increase in demand is 
fol]ow(‘(l by sharp'ris(‘s in [nice as has been notic(*d in the case of })ats’ ^uano. 


No. 

.Manure! 

Place 

Price 
per ton 
lla. 

Anai.yse.s 

U.vrr Values. Hupeks 

N 

J’.o, 

K,o 

N 

p,o. 

k:,o 

] 

.Aniinonium Bulpljate 

llanj?o()n , 

mm 

20- <; 



8-25 



2 

SupcrijltOHphuU' 18/20 

1)0. 

mm 


to 



4 



Stilj)hiite of itoiiiHli . 

Do. 

205 



.50 



4-1 

1 

Auimo-l*hOH, 20/20 

1)0. 

220 

10-48 

20 


8-12 

4-OS 


r. 

Aimiuo-1*]h»h. 12/48 . 

]4o. 

2U> 

10-7I) 

48 


7-21 

2-50 


<; 

puiiiio 

Kyaukse . 

.5.5 

.5()2 

1-80 

0-82 

8-07 

4-20 

4-31 

7 

lloiK-iiiral 

Han{j;()on . 

H.5 

2- 04 

22-78 


4-82 

2-.31 


h 

Kish luanun* . 

1)0. 

IM) 

7-71 

2-05 

0-05 

15-8 

7-7 

T'-iS 


('otton meal 

1)0. . 

82-5 

■)-00 

2-70 

1 45 

10 - to 

5-10 

5'3 

10 

('(liloii seed c*ake 

Do. 

K8-4 

C-71 

2-24 

1-32 

10-2 

4-05 

5-1.5 

11 

niommon])h(>s 20/r)2 

Do. 

207 

20-00 

.52-50 


o-oo 

2-22 


12 

Leiin i plinh 20/20 

Do. . 

2l2-fi 

20-20 

20-20 

i 

7-10 

2-45 

i 



Tlie ch(^a]>est manure of suitable composition in this list is No. 12. Th(‘7*(‘ hav** 

hciUi }iltcrati(uis in tli(‘ ])ric-(‘s of t!n*sr iu*\v ]na.nan*s recently, hut tlicre a{.)p(‘:irs 

Im‘ a reasonable })Tospect of t!n*ir srttlinr at lower later. Import duty 

of 15 per cent, (id valorem has recently beeii iiU{)os(Ml on tlu'se ammonium plios- 
])hates. l)iit this is not lik(*ly to continue and has not been taken into consideration 
above. 

Otlnu* manures such as un*a and cyanamide, etc., have not beeji mentioned here 
although exp(‘riments have also been carried out with them. I uiit for unit, however, 
they are not so effective as the* fertilisers dtadt with, and more extended experiments 
have not been included in the annual programmes. 

Conclusion. 

This then is the situation we have arrived at. The cultivation of ric(‘ in Burma 
on the present enormous scale is of comparatively recauit origin : from 1860 until 
th(‘ present year the paddy area has grown from 1,760,27 1 to 11,826,700 acues ; 
and in this time the original virgin fertility, of the soil has l)een largely 
exhausted. To maintain the standanl of fertility at its present level, the indigenous 
manures are barely sufficient, and to increase it they ar(‘ quite inad(Mjuate. To 
achieve the desirable end of increasing the production per acre, there are several 
lines of approach : improved implements and cniltivation can do a little, and the 
use of improved and higher yielding strains of padd}' can also do a little : but the 
total improvement which can be attained by these means is small, and a really 
significant increase can only be brought about by better feeding of the crop. 
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' Before tlie War and for some time after, the relation between the price of paddy 
and the price of the artificial fertilisers which were suitable for this purpose was such 
that manuring of this sort could not be undertaken at a profit. Since the War, the 
position has changed : the price of paddy has risen and the cost of the old manures 
has fallen to its previous level. Furthermore, a new class of manures has become 
available, peculiarly adapted to the needs of Lower Burma soils, and considerably 
cheaper than the Sulphate of Ammonia and Superphosphate which have been the 
standard manures in the past. The consequence is that artificial manuring has 
now become a paying proposition for paddy, as it has been for more valuable crops 
in the past, and the Agricultural Department is now for the first time in a position 
to recommend these manures to the cultivators, with the assurance that under 
suitable conditions a reasonably good profit will result. It is most decidedly not 
intended that these manures should displace cattle manure which is still the best 
of all, but that they should be used to supplement what little supplies of this are 
available under the rather abnormal system of agriculture which obtains in Lower 
Burma. Thirty-six district trials were carried out with Ammo-Phos in the Southern 
Circle last year, and although the conditions for carrying out experiments in the 
districts are not such as to yield data comparable in accuracy with that obtainable 
on a fully equipped Experimental Station, the results showed that the response to 
the manure was sufficient to justify the belief that the Hmawbi experience is likely 
to be repeated further afield. About one hundred field demonstrations are therefore 
being put down on cultivators’ holdings this year, and as experience accumulates, 
this work will be extended. 

The question may be asked whether the Burmese cultivator will take to these 
new manures : I think he will. The process will be a slow one, but there are indica- 
tions that a beginning will not be difficult to make. Bone-meal and rice bran are 
beginning to be bought for manurial purposes even now, and 1 know of one village 
which bought 20 tons of bone meal last year for its paddy land. These last men- 
tioned substances are slow acting and return a very meagre profit, so that when 
new and more profitable manures are put at his disposal, the cultivator is likely 
to respond. It is even just possible that experience of such manures may have an 
indirect effect of creating a keener appreciation of the manurial substances already 
at his hand. The chief difficulties lie in his chronic indebtedness and the excessive 
rates of interest he has to pay for any money he may have to borrow for additional 
expenditure, and one can only hope that the Co-operative Department may be able 
to do something to lighten this difficulty. Still, there is a sufficient number of land* 
owners with means to make a beginning, and when a conservative country like 
China, with its traditional methods of maintaining soil fertility, doubled its already 
oomsidcrable consumption of sulphate of ammonia between 1925 and 1926, mainly 
for paddy as I am informed, there appears to be no reason to doubt that some 
progress can be made here too. 

Note. — S ince writing the above, thee© new manures have been placed on free list and freed fr^ 
duty with effect froii» 5th May, 1^28 IL If. 




THE INDIAN AGRICULTURAL PROBLEM*. 


BY 

W. H. M0RP:LAND, C.S.I., C.I.E., B.A., LL.B., 

Director of Land Records and> Agriculture, United Provinces, 1898-1912, 

I. Introductory. 

Expertenck and study have combined to impress on me the supreme importance 
of the problem of Indian poverty, defined as the insufficiency of the national in- 
come to provide even the minimum requirements of a reasonable life for the bulk 
of the population. I look, therefore, on questions of distribution as important, 
mainly because of their reactions on production ; and I regard a large and progres- 
sive increase in the national income as the most urgent need of the time, the ideal 
lieing that every individual born in India should have a reasonable chance of deve- 
loping his capacities to the utmost in the interests of the country as a whole. 

I have seen it argued in the Indian press that such an increase in the national 
income can, or cannot, be obtained by developing agriculture, or by fostering indus- 
tries, or in some other way or ways. My own view is that all such discussions are 
too limited in scope, and that what is wanted is a co-ordinated advance on the whole 
front, an advance common to agriculture in the widest sense — “ fields, forests, 
and fisheries,’’ as the term has been defined- to industry, both factory and domestic, 
and to commerce, internal even more than foreign. Having regard to the natural 
resources of the country, and to the aptitudes of the people, it is inevitable that, at 
any rate for some time to come, agriculture should play the most prominent part in 
the struggle with poverty, but it cannot hope to win without the co-operation of 
its allies. It is from this standpoint that 1 approach the Commission’s terms of 
reference. 

I may add that in the observations which follow, I am not referring to Burma, 
which I regard as a separate economic unit, and that by ‘‘ India ” I mean the whole 
country, including States as well as provinces. 

II. The essence of the problem. 

Leaving the reservations out of account, I read the Commission’s terms of 
reference as an expansion of Plunkett’s familiar slogan for peasant countries — 
Better Farming, Better Business, Better Living ; and in any case my observations 
will fall most naturally under these heads. At the outset, however, it may be well 
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to insist on the interdependence of the three elements. It may be affirmed with 
confidence that the welfare and prosperity of the rural population, which it is the 
Commission’s main business to promote, will not come by technical advances alone ; 
if it is true that better living can be secured only by a combination of better farming 
and better business, it is equally true that the will to live better must furnish the 
driving-power that is required ; at the heart of the problem lies the development of 
the desire for a higher standard of living, and I believe that the time has now come 
when this question should be brought to the forefront of the discussion. 

To say this is not to condemn Curzon’s policy, in which stress w^as laid primarily 
on farming and on business. A quarter of a century or so ago, the ordinary opinion 
in India was that no great advance could be expected . There were dreamers, indeed , 
but their visions left plain people sceptical or unconvinced, and the first step neces- 
sarily w\as to show that the possibility of improvement existed. The work done 
since 1905 has furnished tlie required demonstration, and it can now be said with 
assurance that much better farming and much better })U8ineBB are within the reach 
of the Indian peasant if he cares to stretch out his hand. The offer of better things 
has been made and it has evoked a definite response, sufficient to show that the 
pioneers worked generally on sound lines, but so far, inadequate to produce the 
mass-effect requited ; and I suggest that, at the present juncture, the central problem 
before the Commission is how to strengthen the forces already at work, so as to turn 
a hesitating and inadequate response into an imperative demand. Such a change 
implies an effective d(‘sire for a higher standard of living ; a vague aspiration now 
exists, and, I suspec^t, always has existed, but it is rendered ineffective by an inhibi- 
tion, which has to be broken up before large-scale progress is possible. In other 
words, the central problem is now psychological, not technical. I shall return to 
this subject after I have recorded my views on a few of the technical questions raised 
by the reference. 


III. Efficiency at the top. 

Looking back over the last 20 years, the worst mistake seems to me to have been 
the delay in developing an efficient training college for the higher staff, but I under- 
stand that the required development is now in progress, or, if it is not, I apprehend 
that it must follow on the Commission’s recommendations ; while the most obvious 
anomaly in the existing structure, the organization of irrigation and veterinary ser- 
vices co-ordinate wuth, but distinct from, the agricultural department, calls for 
examination from the standpoint of practical results rather than general considera- 
tions. The only points to which I wish to invite the Commission’s attention under 
the rubric better fanning are the choice of the permanent head of the provincial 
department, whom I shall speak of as ‘‘ the Director,” and his relations with the 
Provincial Government. I consider these subjects to require close scrutiny, because 
the demands on the Director will increase more than proportionately to any exten- 
sion of operations, and if, as I anticipate will be the case, the result of the Com- 
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mission^s labours will be a large exteusion, it is imperative to take precautions at the 
outset against the danger of inefficiency at the top. 

I know of no published pronouncement regarding the qualifications of the 
Director, and consequently the subject must be discussed in some litth^ detail. 
It is hopeless to look for a Director expert in all branches of departmental activity ; 
the mid-Victorian agricultiiral-chemist-of-alhwork was already obsolescent when the 
first agricultural chemist was sent to India, and the progressive specialization of 
science renders such an appointment unthinkable. The appointment of a specialist 
in a single branch of scientific activity stands on a very different footing ; its only 
advantage is that it will ordinarily secure sympathy with scientific, method, but that 
ad vantage can be secured in other ways ; and on the other hand, there is the danger, 
which will increase with the progress of specialization, of an unsatisfactory distribu- 
tion of resources, or, in the alternative, of dissatisfaction with a disrtibution which 
in itself is sound. One of the main duties of the Director is to distribute resources, 
which are usually inadequate, between the various branches, each, very properly, 
demanding more than it can get : and it is in accordance with human nature that, 
let us say, an Entomologist-Director wdll give entomology something mor(‘ than its 
fair share, or, in the alternative, that chemists and physicists, botanists and myco- 
logists, will say thath(* is doing so. The existing practice of appointing s})ccia1ists 
as Directors is not therefore unassailabh' in theory ; the (question, how ever, is whether 
it is the heat way of getting what is w^anted. 

The indispensable qualifieations of a Dirt*ctor are tw^o — skill in the art and practice 
of administration, and knowledge of the economies of peasant life. The first, of 
these is obvions, and all T need say regarding it is that its importance incieases more 
than proportionately with the expansion of the Department : having regard to the 
rcijuirements of a peasant population of 30 or 40 millions, it must be recognizc'd 
that each of the larger provinces will ultimately need a Director of the very highest 
administrative ability. The second qualification is not less obvious : the Diri'ctor 
has to apply the resources. at his disposal for the benefit of the peasants, and he can- 
not do this effectively without knowdedge of the mentality, the capacities, and the 
limitations of the men for whom he is working, men who do not wear their hearts 
upon their sleeves, men whose confidence must he won slowdy, and by personal 
contact, men who at present have practically no interpreters in the Indian ])ress 
or in Indian public life. In the absence of such knowledge, the department cannot 
possibly perform its functions ; and, so far as I can see, the knowledge must be 
possessed by the Director himself, because a Staff-Economist, appointed to make 
good the Director’s deficiency, w^ould in practice be indistinguishable from a de 
facto Director, 

In regard to these indispensable qualifications, I thinly, it must be recognized 
that the position has changed for the worse, and that the practice of ap})ointment 
followed 16 or 20 years ago offered a better prospect of securing them than the 
practice of the present day. Under the old practice the Director was chosen from 
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the Administrative Service, a fact which guaranteed at any rate some knowledge of 
administration, while the choice was determined largely by his knowledge of rural 
life. Commonly, ho was a successful Settlement Officer, that is to say, he had 
assessed the land revenue of one or more districts, and there could be no better 
guarantee. The organization and conduct of a settlement was in those days a large 
administrative task, success in which marked a competent administrator ; while 
there was no other way of acquiring an equally minute and precise knowledge of 
rural economy. In addition, it may be noted that officers who joined the Adminis- 
trative Service before 1893 had the advantage of a thorough grounding in analytical 
economics, which greatly facilitated the grasping of the multifarious economic 
facts with which the Settlement Officer, like the Director, has to deal. 

During the last 30 or 40 years, the different specialist services in India have 
gradually made good a claim to the headship of their own departments, and in the 
Agricultural Department, I understand, that most of the Directors are now 
specialists. Let me make it quite clear that I do not say that they are 
therefore^ necessarily incompetent, or that the older system should be restored ; 
my argument, so far, is simply that, in this particular case, the specialist 
department is a less hopeful recruiting-ground in the present than the Adminis- 
trative Service was in the past. Within it, there are of course great differences. 
The specialist agricultural officers known as Deputy Directors are sometimes in a 
position to acquire the art of administration by practice, while their duties give 
opportunities for getting very close to the peasant. Some of them, to rny 
knowledge, have made the most of these o])portunities, and, in my ju(]gm(‘nt, are 
perfectly fit to direct the department ; others, in my judgment, are not. The 
laboratory specialists — chemists and botanists, mycologists and entomologists, 
and so on -have fewer opportunities of the kind, and their oppoii:-unities are likely 
to diminish with the progress of specialization ; as Directors, they must be, at 
the best, amateurs, and while the amateur-administrator and the amateur 
economist are not yet extinct, they must be regarded as doomed species. 

The mtithod of appointment from this recruiting-ground is, I understand, des- 
cribed officially as selection, but in India, as in other countries, that term has 
acquired a special significance. In practice, it does not mean choosing the best 
man irrespective of his position on the list, but rather appointing the senior man who 
is not obviously unfit, and any other interpretation would probably be destructive to 
efficitmey owing to the resulting discontent among the staff. I suggest that the 
actual position is this : under a system of strict selection, the Agricultural Service, 
taken as a whole and neglecting provincial boundaries, is possibly in a position to 
supply the required number of competent Directors, with not more than the usual 
proportion of bad appointments ; but under the existing Constitution provincial 
boundaries have acquired new importance, which is certain to increase ; and, if 
appointnumts are normally made within the province on the system of seniority'- 
ficmpered-by-rejection, the number of misfits is likely to be much too large. 
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For reasouB already indicated, I am not in a position to discuss the facts of the 
appointments actually made under the new system, and 1 will say only tliat a good 
ilvAxl of the departmental literature which 1 have recently read is charact<u*ised by a 
native amateurishness in economic matters such as was rarely met with a quarter of 
a (ientury ago. What 1 8Ugg(‘st is that the Commission should examine, in con- 
iidtjnce, the circumstances of the appointments made under the new system, with 
regard in particular to (1) the influence of seniority, (2) the attention paid to securing 
what 1 have called the indispensable qualifications lor the post ; and that, on the 
facts so ascertained, it should formulate principles, to be expressed either as 
statutory rules or as administrative maxims, as the circumstances may require*, to 
eu>sui (‘ the possession of these*, qualific^ations in the Directors to be appointed in 
future. 

IV. Ministerial control. 

I turn to the relations of the Directeir with the Provincial Goverimieut. Here 
again, 1 think, it must be recogiiizeei that there has been a change for the worse. 
Under the old system the Director was, as 1 have said, usually c^ualified as administra- 
tor and as rural economist, but in any case these qualifications were always present 
in the Provincial Governments, at least of hiorthern India. Lieutenant-Governors 
were necessarily expert administrators, while they were in fact usually distinguished 
also by their knowledge of rural economics. As an instance, 1 served successively 
under Colvin, Crosthwaite, MacDonnell, and La Touche, men whose writings are 
indispensable to any careful study of the economic history of the North, and other 
provinces can tell a similar story. In such au environment a Director’s short- 
comings were likely to be promptly noticed and effectively corrected ; while the 
whole constitution of the provincial hierarchy was such as to give rural economics 
the importance which in a rural province the subject can justly claim. Consi- 
derations Oi a different order now^ necessarily enter into the selection of Governors, 
and it is much less likely than it was that the position will be held regularly by a 
rural economist of distinction. Even, however, if it were so held, the Governor of 
to-day is deterred by constitutional considerations from controlling the Director 
in the old way ; that is the duty of the Minister. 

Political arguments must be kept out of this note, but it is strictly relevant to my 
contentions to say that more than 10 years ago I had come to the conclusion that, 
on purely economic grounds, the Agricultural Department and its allies should be 
placed under popular control as soon as possible ; and, as a student of economics, 
I welcomed this step when it was taken, because 1 looked to Ministers to supply the 
leadership and driving-power which were, as they still are, required for a serious 
attack on the problem of Indian poverty. The appointment of the Commission is 
of itself sufficient evidence that these hopes have not yet been realized ; but the 
immediate point is that Ministers, however efiective they may be as leaders, cannot 
be expected to possess, except by accident, the administrative and economic quali^ 
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ticatious which were normally possessed by Lieutenant-Governors and their bure- 
aucratic advisers in the past. The Director can look for less help from above, and 
consequently he must be more nearly self-sulhcing in the matter of the indispensable 
qualilications. The change in control thus strengthens the argument offered in 
the preceding section for devoting special attention to the method of appointing 
Directors. 

But, if the Minister camiot help in these matters, he may do a great deal of harm. 
The dangers of which 1 hear from India are two : he may try to administer the 
department instead of controlling it, and he may hamper that continuity of effort 
which is essential to success. Each of these dangers calls for the attention of the 
Commission. . . 

As regards the first, it must be remembered that^ there has not been time for 
constitutional practice; to grow up in India. The rawest recruit in an English 
Ministry knows, or learns very quickly, that his business is to control but not ad- 
minister ; that doctrme requires, 1 suggest, to be brought prominently to the front 
in India. The classes from whom Indian Ministers have usually been drawn have 
the idea of bui;eaucracy in the place where Englishmen have the idea of self-govern- 
ment ; it is in theij* bones, and no sm'prise need be expressed if a newly-chosen 
Minister should feel as if he had climbed into the bureaucracy at the top and should 
settle down to administer his departments as Indians of his class have always done — 
at any rate since tEe days of Asoka. Such a result must necessaril}' be injurious, 
and the best way of preventing it seems to me to lie in the formulation of a definite 
constitutional doctrine, which, coming with the authority of the Commission, will, 
1 anticipate, be accepted readily enough. 

The second danger follows necessarily from what is, 1 fear, a permanent fact, 
that the department normally wants larger resources than it can obtain. A Minister 
is absolutely within his rights in formulating a popular programme and requiring the 
department to carry it out ; the danger is that, in order to carry out his programme, 
he may curtail existing work of much greater importance to the country and, in 
particular, that he may interfere with continuity in research. In my time I had to 
fight for recognition of the principle of continuity against financial authorities who 
appeared to be under the imjjression that organization generally, and research in 
particular, could be expanded and contracted like a concertina. V\'hen 1 left India, 
the battle had been practically won, so far as the bureaucracy was concerned. The 
principle was, however, ignored in some of the recommendations of the luchcape 
CoJiimittee, and it may be worth while to quote against them the conclusions of a not 
less authoritative body of business men, the lioyal Commission on the Coal Industry 
(lb25), whose report contains the following remarks (page 43) : - 

\\ e are strongly of opinion that research work can only be carried on efficiently 
if th(‘ organisation concerned is in a position to develop its programme logically 
and steadily, and that nothing is so conducive to inefficiency and tp wasteful ex- 
penditure as instructions to develop the work alternating with instructions to con- 
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tract it. Steps should therefore be taken to oiisure that the organisations conc(Tued 
are in a sound hnaneial position, so that th(*y can dev(;lo]j their programmes in a 
methodical manner over a period of years/’ 

1 make this quotation because it seems to me to oiler a sound basis fur consti- 
tutional doctrine, which (;ould be formulated with gr(‘at advantag(i to tln^ ('ountry. 
A Minister, J suggest, ought not to contract important work already in 2>r(>gress in 
order to carry out a new progranmu' ; if additional resources jire needed for his pro- 
gramme, his duty is to ask for them from tin* JjegislatuT(‘, and, if his request is refused, 
h(‘ must eitlier accept th(‘ Legislature’s d(‘eision. or r(‘sig]i his oflic(‘. 

The object of this section is, then, to suggesi- that the Commission, after ascer- 
taining the facts by coniidential enquiri(*s, should formulate, for adoption in India, 
a constitutional doctrine regulating the relatiojis bctvvaam th(‘ Minister and the 
Director in such a way as to of)\'iat(‘ tin* two dangers to which 1 liave referred, as 
well as any others which (‘mpiiry may show- to have arisen. 

V. Thu (M)-()eKKATivE movement. 

From bcttiu' farming I j)ass to betUu* business. TTk^ sul>j<‘cl lias two asjjects : 
co-02)e.ration, and business otlier than co-ojierative. In r{‘ga]d to the (‘o-operative 
organization i. have not much to say. The jiresimt ])osition seems to in(‘ to be 
simihu' in t'ssentials t.o that of tlu* agricultural d(‘j>artment. Tlie pndiminarv' work 
has been generally on the right lim‘s : e.x]»ansion now depends jnor(‘ on the people 
than on the (h)V(‘.rnm<’nt ; whilt*. so far as th(‘ CovaTimient is concerned, the most 
imjiortant tojiics are the head of tln^ departnnmt, oc. the Kegistrar," and his 
relations with the Minister. 

The Kegistrar, 1 suggest, jieeds the sanu' uidisjiensabh* qualitieations as the 
Director, ami some otlu’rs in adciition. w Inc h arc indn ated, but not defined, in the 
lamiliar phrase, “ a hnaiicier wdio is also an apostle." 1 lielieve that the Commis- 
sion W’ili find a close correlation betwaam success or failure in the various provinces, 
and the qualitieations of the nuui who have tilled tlie post ; in fact, that th(‘ situation 
was justly i;stimati‘d in Micholson’s a])horism. Fiiul KaitiVisen," which, howa'ver, 
requinss the addition, “ when you have found him, kr*ep him as long as possible. ’ 
The most important need under this head is, tlien, to Jormulat(‘ administrative rules 
or constitutional maxims rc'garding (1) a.j)})ointment and tenure, and (2) relations 
with the Minister, whicT may operate tt» jirevent mislits and misfortunes, such as the 
Commission may lind reason to apprehend. 

The only other branch of co-operation to which I w ish to rtdei is tliat of sah' and 
imi'chase. Kx|,)erience has, I think, amply justilied th(‘ d(‘cision of the jiioneers to 
eoncentrate on eredit at tht‘ start ; but we are now m'aring the stage, if we have not 
actually reacbed it, where other branehes of eo-ojxuat ivt* busiiu^ss require to be 
ai'tively devehqied. K(‘tter farming and blotter business an* very closed}' inter- 
de|)eiulent ; improveunent in agriculture means that jieasants will have more to sell 
and consequently more to spend ; and, seeing that they now' usually get the w^orst of 
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the bargain both ways, improvements in marketing will be needed more and^more 
as the volume of transactions expands, or else good farming will be checked by bad 
business. 1 notice in recent reports that attention is being given to this subject in 
some parts of India, but I suggest that the Commission may tind it advisable to 
recommend more detailed study of the subject in order to facilitate developments in 
accordance with the requirements of the near future. 

1 feel bound to add that the shortness of this section does not indicate my opinion 
as to the importance of the topics with which it deals. Our views of the possibilities 
of co-operation expand with the experience which tells us of the dangers which beset 
it, and I write as a convinced adherent of the co-operative faith ; but the practical 
problems of the moment can be studied only in India, and 1 must leave their 
discussion to others. 

VI. Internal commerce and transport. 

I consider it to be possible that all the peasants' business may ultimately be 
conducted on co-operative lines ; but the vision is somewhat distant, and the Uom- 
mission will have to provide for the interval, probably of considerable duration, 
in which much of the peasants’ buying and selling must be conducted through other 
agencies, as all of it is now conducted. The actual position is that the peasants, 
unorganized and ill-informed, buy and sell through a complex agency, very highly 
organized, very well informed, and dominated by its own interests rather than those 
of its customers. This agency undoubtedly does the peasants’ work ; the question is 
whether it charges too high for the services it renders. The conditions i have stated 
show that over-charge is, at the least, probable ; and the only checks on it are com- 
petition within the agency, and State action where such competition is not fully 
effective. 

In regard to competition, a distinction must be drawn between the internal and 
the external portions of the agency. Looking at the peasant as seller, the European 
wholesale markets for his produce are highly competitive, and it may fairly be said 
that his goods fetch the world-price on the .Baltic, in Mincing Lane, and elsewhere. 
The freight market again is highly competitive, and 1 am iniormed, though I have no 
lirst-hand knowledge, that this is true also of exchange- banidng at the present time. 
The Indian exporter is thus ordinarily in a position to secure the world-price without 
excessive deductions for charges outside India ; and we have to look at the inter- 
mediaries between exporter and peasant, the ports, th ‘ railways, and inland com- 
merce. 

As regards seaports (a term which 1 use as covering not merely port dues, but the 
whole commercial organization linking the railways with the ships), the conditions 
favourable to the peasant are active competition between the ports for business, 
such as prevails in England. In India there has of late been a welcome develop- 
ment of harbom-construction in the south, but the north remains as it was ; excluding 
the special trade of Chittagong, there are three seaports for a population o. nearly 
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200 millions, a position which may be contrasted with New Zealand’s 46 ports for 
a population of about a million and a quarter. For analogies to the position in India 
we must look rather to Australia and Canada. Even a rapid journey through 
south-east Australia suffices to familiarize the travell with the groans of producers 
at the monopolistic domination of Melbourne and Sydney, “ bloodsucking leeches ” 
as I have heard them described. In Canada we have the extraordinary tale of the 
Hudson’s Bay Railway, a line being built through a wilderness to a port scarcely yet 
in existence, and available only for a short annual season, forced on the Government 
by the ellorts of organized grain-growers, who are determined to free themselves 
from the incubus of New York and Montreal. Where, as in northern India, seaports 
ar(‘ few, each of them has the monopoly of the bulk of its hinterland, the competi- 
tiv<' fringes being relatively small, and the case is deiinitely one for State action on 
behalf of the p(aisants, by increasing seaports where possible, and by ensuring that 
they are worked primarily in the peasants’ interest. The apparent impossibility of 
creating new seaports for the north makes it all the more necessary to control the 
few which exist. 

The same conclusion holds in regard to railways. The recent extension of State 
management, and the adoption of what has come to be called grouping, will go far to 
eliminate such competition as has existed in the past, and necessarily throw on the 
Central Govermnent the duty of seeing that the railways meet the peasants’ require- 
ments at reasonable cost. 

The third branch of the internal organisation, inland commerce, requires more 
detailed trciatmeiit. I affirm that ordinarily the peasant gets the worst of the bargain, 
both when lie buys and when h(' sells, and that this condition is due partly to the 
system and partly to the inspiration under which the system has grown up. I do 
not anticipate that the Commission will be able to investigate this question in full 
detail, but I believe that the facts which are readily available will satisfy its Members 
of the truth of my contention. One most important group of facts wffil be found in 
the Report of the Indian Cotton Committee (1919). The malpractices in the cotton 
trade revealed in that report shocked enhghtencd India sufficiently to render feasible 
the drastic special legislation which is now in lorce, and which, acconling to the 
last Report of the Central Cotton Committee, is producing satisfactory initial results. 
My })oint is that these malpractices were not contined to the cotton trade, but are, 
and long have been, characteristic of Indian commerce, and, so long as they 
continue, good farming will be checked by bad business. 

In this matter I speak from considerable personal knowledge. Whenever I had 
occasion to examine the inland trade in agricultuial produce, I came across the same 
features — mis-grading, mis-description, adulteration, false weighing, and, occa- 
sionally, fraudulent accounting, though from the nature of the case this last item is 
not easy to detect. In regard to these matters I need not enter into detail the 
Commission will be able to ascertain how far the experience of other rural economists 
coincides with mine ; and it will suffice if 1 point out that, while the system is bad 
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for agriculture as it stands, it is even worse for the better farming which is wanted, 
because the trade, as now organized, will not pay price for quality, and the peasants 
arc therefore forced to look to weight of yield, to the exclusion of what is often more 
important, value per unit of weight. 

1 have said above that th('se malpractices are of old standing. 1 must avoid Ja 
disquis tion on economic history, and will say only that the Dutch and English 
commercial r(‘cord'i of the early seventeenth century disclose a condition similar in 
all essentials to what was described by the Cotton Committee. TJie vicious system 
of internal commerces consists essentially of the exploitation of peasants, who are 
usually bound to sell, by men of (juickcr brains, who for the moment can refuse 
to buy, and who act in the. spirit which has been generated by centuries of such 
conduct. As it stands, it can probably kill co-operative trading at th(‘. start, and 
its r(dorm is requircid in the interests of the peasant of to-day and still more of the 
peasant of to-morrow. 

Another source of information whi(jh is readily open to the Commission is the 
opinion held by the pt^asants of thosci exporting linns whi(di send their buyers up the 
country to deal directly with producers. The eulogies of tln^se linns which I often 
heard from Oudh jxjasants convinced me that the presence of their buyers was a great 
asset, l)ut at tlui same time I saw no reason to suppose that they were philanthropists ; 
the points which the peasants selected for praise were merely the elcmiuits of hon(\st 
commercii, fixed prices, fair grading, true weighing, and straightforward settlement ; 
and if these are matters for grateful eulogy, it follows that they are not features of 
ordinary inland trade. 

So far this analysis has regarded the peasant mainly as seller, but it applies 
g(‘nerally to him as buyer also, with two not unimportant modifications : in the 
distributing trade there is scarcely anything to correspond to the exporting houses 
just tiKuitioned, while in regard to imported and protected goods, the peasant has to 
bear th(‘ weight of a heavy town-bred tariff, loaded of course by middlemen’s charges 
on their enhanced outlay. On the whole, then, In^ is rather worse off as buyer than 
as s(dler, but he will generally have to sell more than he buys, bee mse he has to pay 
rent or revenue in cash ; and, speaking generally, it seems to me that the present 
state of internal tr ide, particularly as it alTects interchange between town and 
country or between one district or ])rovince and another, offers a very serious 
obstacle to the improvement of agriculture. 

VIL The Central Government. 

The argument of the preceding section leads directly to the conclusion that the 
Commission must concern itself with the activities of the fJentral Government, which 
now manages most of the railway system, which controls the larger seaports, and 
which is responsible for, at any rate, external and inter-provincial commerce. Here 
again the position of the peasant has changed for the worse. The old Revenue and 
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Agricultural Department, with its record of great rural economists from the diys of 
Buck onwards, has now been eliminated, and, for obvious reasons, fewer portfolios in 
the Council are likely to fall to rural economists than formerly, while those depart- 
ments which are concerned with ports, railways, and commerce are traditiojially 
influeiK'ed by the towns rather than the country. The question therefore arises : 
do the interests of the peasants dominate the proceedings of the Central (lovern- 
meat, both in the (Jouncil and in the departments, as on any theory of govcn iirnent, 
whf^ther autocratic or democratic, they ought to do ? Is the peasant now what 
Curzon declared him 1o be, “ th(‘ first and final object of every Vi(;eroy’s regar<l 
l^he Commission will be al)le to answer these questions from its own expe icnce 
ill India, and 1 will say only that, if the peasant dominates the Council, the fact has 
nof appeared in its pronouncements during the last few years. One recalls an 
admission that tlit^ Tariff Bill might never have been lirought beforii the Legislature 
if tin; jieasants had understood the question ; one studies in a series of communiijues 
the somewhat tortuous course of th(^ proceedings wliich led eventually to the 
a]q)ointmenf, of the (Jonimission ; one notes in the debates an occasional present- 
mimt of th(3 peasant's ease, by one of the provincial representatives ; but one looks 
through r<*(a*.nt reiuirds in vain for (‘vidimce of that union of knowledg(' and sympathy 
which ought to cliaractm’ise th(» Central Covernment of a ])easant State. 

1 suggest to the (an amission that in this matter atmosph(M*(‘ is more important 
than maidiiiKuy. It would be easy to propose institutions of the kind known 
popularly as “ watch-dogs,’' departments or oliicials charged with the specific duty 
of riipri'senting the peasants' case, [larticularly in the initial stages, whmi new j>ro- 
jeets hav(‘ not. yet take.n definite shape ; but it is much mori' important that the 
framers of the projinds should themselves be influenced by the peasants’ needs, it 
may be worth while to illustrate this contention from my own I'xperience. During a 
p(‘riod of morc^ than 10 years I had occasional discussions with railway administra- 
tions at five different centres regarding the needs of the peasants in various parts of 
the United Provinces, and the difference in atmosphere was remarkable. At (Torakh- 
pur 1 used to find eagerness to help th(‘ {>easant on commercial terms, coupled with, 
at any rate, sufficient knowledge of his position to make discussion of details an 
(‘asy matter ; at Lucknow there was normally sympathy, but it was sterilized by 
ignorance of what went on outside the railway fence ; at Lahore there was synqiathy. 
but (as was only to be exjieeted) little knowledge of the special ihhhIs of an outlying 
portion of the huge system ; in Bombay, as in Calcutta, tln^ correspondence gave 
no hint that the authorities eitlier know or carcjd anything about tlu'si' distant 
and insignificant peasants. 1 state tbese faid-s as illustrations of my eontention that 
atmosphere matters most, not as showing tin' c,onditi()i^s which exist to day ; the 
contention ap])lies with particular force to the railway administration, but it applies 
also to various other de])artmenfs and to the Central Government as a whole. I 
suggest, tlieii, that this question should bo examined in detail ; ])ossibly the Com- 
mission may recommend some changes in administrative machinery, but the main 
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advantage I look for is the influence which it can bring to bear on official and public 
opinion. Ventilation will, at any rate, do something to improve the atmosphere. 

It may be conceded that in the present conditions the peasants’ best safeguard 
would be the emergence in the Legislature of a strong and stable Peasant Party. 
Such a development is not impossible, and it may conceivably be hastened as an 
mdirect result of the Commission’s activities ; but the actual position is that such a 
party does oot exist, that its development will be a matter of time, and that the task 
of the Commission, as I see it, is to secure better business for the peasant in the 
interval which will elapse before he can control his representatives sufficiently to 
get what he wants. 


VIII. The will to live better. 

1 now come to the sphere of better living, which I take to be the main concern of 
tli(i Commission. It is true that better living can come only as the result of better 
farming and better business working together ; but it is equally true that the will 
to live better must furnish the diiving-power, without which improvements in 
agriculture and co m merce will not give an adequate return. The conclusion forced 
on me by experience and study is that the mere offer of increased material facilities, 
taken by itself, tends to bring into action forces which will ultimately render it 
nugatory ; it is merely the initiation of one more vicious circle of the kind already so 
familiar in the Indian economic world. On the other hand, to arouse the will to live 
better is to set in motion the only known force working cmnulatively in the desired 
direction ; the result is not a vicious circle, but an upward slope, where, in the early 
stages, the gradient gets easier at each step. In the first case the result is likely to 
be an increase in the number of people living in the old way, and, ultimately, renewed 
congestion ; in the second, the result will be a population of greater civic worth, 
doing progressively better work, earning a progressively larger net income and 
devoting successive increments largely to provision for a further advance. 

Now the dominant feature of rural India at the present day is that the will to live 
better is not a force to be reckoned with except in particular circumstances. Various 
theories have from time to time been put forward to accoimt for this divergence from 
the norm, as it appears to Western observers. The older theory, that the aspii-ation 
to ris(i was left out when the Indian peasant was created, is sufficiently disposed of by 
the fact of its sporadic appearance, and docs not call for detailed examination. 
Modern experience regards the peasant as an ordinary human being, in whom the 
natural aspiration is checked by an inhibition generated by the environment ; but 
there is a difference of opinion a h to whether it is the physical or the human environ- 
ment which is responsible. Some authorities put the blame wholly or mainly 
on the climate, but, so far as I can see, they fail to take account of the facts that the 
climate of India is characterized by great variety and that differences in peasant- 
mentality are not correlated with differences in temperature of humidity. To give 
only one instance from my personal experience, the climate of the country round 
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Cawnpore is the antithesis of the climate of the Malwa })lat(\aii, about 300 miles 
away, but the mentality of the peasants in the two regions is siibstatitinHy the same. 
I suggest that the efiect of climate should be regarded as second ary, and as operating 
mainly to increase the strength of an inhibition which is essentially the result of the 
human environment. 

No one who has seriously studied the economic history of India from the twelfth 
to th(^ eighteenth century can deny that, subject to local and tempoiary exc(;ptions, 
the human environment from one end of the country to the other was such as would 
n(*c('ssarily produce a servile mentality, with the aspiration to rise liclfl in elective 
check. It was fatal for a man to raise his standard of lib*, ]a*c 4 ius(‘. to do so marked 
him out as fair game for robbers and extortioners ; to be “ sus}>ected of ])roperty 
was a dire calamity, and those men only could be accounted ha])py who could sj)end 
tlieir day’s wages on their evening meal ; ‘ the land would give* a ph‘ntiful yi(*ld if 
tin* peasants were not so cruelly and piteously oppressed ” ; give the })Oor people 
leave but to lift up their heads in one year’s vacancy from oppression such 
phrases as these, taken from rortuguese, Dutch and English writers of the period, 
give an idea of the environment in which the ])ea8ant lived, an (*nvironment which 
penalised productive effort, which necessitated the concealment of any surplus income 
that might a( crue, and which operatc'd to stereQtype the low standard of life which 
offenKl the only chance of being let alone. 1 do not know the (jonditions which 
prevailed in India before the twelfth century ; I suspect that the Mosleffl conquest 
did not make a very great difference in tliis respe( t, but I am content to affirm that 
six centuries of this regime furnish adequate explanation of those features of the 
peasant’s mentality which now constitute the main obstacle to economic progress. 

When, therefore, I say that better living is the main business of the Commission, 
I am not inviting its members to reform, or even to counterac t, the Indian climate ; 
1 am suggesting that they should devise methods to strength(*n and accelerate the 
forces already operating to dissipate an inhibition, which was undouldedly useful in 
its day, but has survived its usefulness and become a danger. Let us glance at a few 
cases where results in this direction have already been obtained. 

The most striking case is the Punjab since the war. In his study of The Ptmjab 
Peasant in Prosperity and Debt, Darling tells us (page 289) how the Punjalu soldier 
in France ‘‘ saw an entirely new order of rural life, and realized with surp ise that 
the village can be as civilized as the town. The sight of the Frc'iicli j)(‘a.sant, edu- 
cated, prosperous, and independent, has roused in him a discontent with his own 
surroundings that will not be easily allayed.” In other words, the si'cular inhibition 
has been dissipated by a year or two’s experience, not, I suggest, of the French 
climate, but of a human environment in which peasants arc able to live* a reasonable 
life on resources not very much greater than those available in tin* Punjab. The 
returned soldier is now trying to raise his standard, his influeiu'e is extc'uding to 
his neighbours, and as Darling justly observes, “ never has the time been more 
propitious for grappling with the problem of poverty and waste”. 
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Again, it is a ooinmonplace of the Census Reports that conversion to Christianity 
is often accompanied by a development of the will to live better ; the converts 
want to live like Christians,’* and some of them succeed. The same phenomenon 
can be observed when Hindus of the lower classes become Moslems ; when the 
Cawnpore leather-worker {chmnm) becomes a Shaikh, he tries to live like a Shaikh ; 
and in these instances there is no question of a change in the physical environment. 
It is sometimes alleged that in such cases the will to live better is the motive rather 
than the result of convers.on ; this question is immaterial to my argument, which 
is that the inhibition is wearing thin, and that in certain circumstances individuals 
are surmounting the obsta le. In any case, to recommend a change in religion with 
this object would be about as reasonable as to recommend another continental 
war ; and having regard to the present Indian attitude towards conversion, and 
towards emigration, it must be said that the instances given show that the thing 
can be done, but do not show how to do it on a large scale. 

Many less conspicuous instances of the said tendency could doubtli ss be foimd in 
the course of a detailed survey of Indian conditions. I can recall villages in Oudh 
which lived better than their neighbours because the tone in them was set by re- 
turned migrants from other parts of India, and I do not suppose that my experience 
is unique ; but what I have written appears to me to be sufficient to justify the view 
that the inhibition against better living is wearing thin, and in a few places cracking ; 
the main^sk of the Commission, as I conceive it, is thus how to strengthen the forces 
already in operation, and how to sum m on new forces to their aid ; or in other words 
to promote mass-educ ition in the widest sense. 


{To he continued.) 
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A LEAF-SPOT DISEASE OF SAFFLOWER {CARTHAMVS TIN- 
CTORIVS) CAUSED BY CERCOSPORA CARTHAMI, NOV. SP. 

BY 

S, SUNDARARAMAN, M.A., 

Oovemment Mycologist, Madras, 

AND 

T. S. RAMAKRISHNAN, M.A., 

Assistant in Mycology, Madras. 

Safflower {Carthmnus tindorius) is cultivated widely in many parts of India, 
especially in Bengal, Central Provinces, United Provinces and Bombay. In the 
south, however, it is restricted to parts of Mysore and the Ceded Districts. In the 
Madras Presidency, safflower is very rarely cultivated as a crop by itself. It is 
geiK'vally grown mixed with other crops. Very often it is sown as a sort of hedge 
round some other crop, its spiny leaves effectively checking the intrusion of cattle, 
A dy»* is extracted from the florets and the seeds contain an oil which is largely used 
for cooking purposes as well as for adulterating ghee. 

Of the diseases of safflower not many are recorded. Joshi ^ has described a wilt 
of safflower caused by Sclerotinin sp. in Upper India. In Saccardo’s “ Sylloge 
fuugorum,” Piuxinia Carthami has been recorded as afiecting safflower leaves. 

A leaf-spot disease of safflower caused by Ccrcosjwra sp. has been observed several 
times in the Central Farm, Coimbatore. It was first noticed in the year 1921 when 
it appeared in an epidemic form. Since then the disease has been noticed in 1922, 
1924 and 1926. It has so far been observed in Coimbatore only and it is not known 
whether it is present in other places as well. 

As is the case with all Cercospora diseases, a humid atmosphere favours the preval- 
ence and spread of this disease. In Coimbatore it has been found that in all the 
years in which the disease appeared, the atmospheric humidity at the commence- 
ment of the disease was about 80 per cent. Rains increase the severity of the 
disease. In the earlier part of January 1922, the disease was at a minimum. In 
February (in the same year) there were heavy rains and the disease became very 
severe. Again in October 1926 only a few spots were present on the lower leaves, but 
after the heavy rains in November the entire crop was diseased. The severity of 
the disease is thus found to be directly dependent on the atmospheric precipitation. 

The disease makes its appearance at various stages of the growth of the plant, 

* Joshi, S, D. A. Wilt Disoasi^ of Safflowor, Mem. Depl. .i<jri. Indiu, Hot. iS’o-., XIll. No. 2. 
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Sometimes it is observed only when the plants are about to flower. But it may 
appear even earlier, i.e., n month after sowixig — as isolated round brown spots on the 
lowermost leaves, which under favourable conditions, may la+^er on spread on to the 
upper leaves also. As tlie name indicates, the first appearance and effect of the dis- 
ease are on the leaves. Small, round, slightly sunken, brown spots with at times a 
yellowish tinge at the bordei appear on the lower leaves. The shape of the spots 
varies, being round or irregular, most of those formed in the middle of the leaves 
bung round, while those formed at the tip or nearer the edges being irregular or semi- 
circular. As the disease advances, the majority of the leavers become affected. Badly 
infected leaves turn brown and got distorted and eventually the tissues disintegrate 
and holes are formed between the veins presenting a worm-eaten appearance. Fruc- 
tifications of the fungus are present as minute black dots on both surfaces of the 
spots. In the early stages and on dry days the surfaces appear black, the coni- 
diophores sticking up as minute processes. But under humid conditions and in 
the mornings the surfaces of the spots present a greyish white velvetty appearance 
due to the production of spores. The attack of the fungus is not always confined 
to the leaves. The bracts are also spotted and in severe cases the entire capitulum 
may be infected. If the head is affected in bud, it turns brown and withers and the 
florets do not open. But if the attack is just when the florets open, the latter shrivel 
up, the head becomes dark brown in colour and no seeds are set. When the attack 
is only after the seeds have begun to form, these are not appreciably affected. In 
cases where the entire leaves are infected, the particular nodes are also blackened. 
At times the stem is affected for some distance especially below a young or tender 
infected capitulum presenting a die-back appearance. It is shrunken and blackened, 
sometimes being even bent. Fructifications of the fungus are seen on the affected 
portion of the stem also. 

The mycelium of the fungiis is hyaline in the earlier stages but gradually gets 
a smoky brown colour. It permeates the tissues of the leaves both betw^een and 
across the cells. Prior to the spore formation, hyphse collect in the air spaces under- 
neath the stomata and often a brown stroma-like structure is developed. From 
these, conidiophores originate and come out through the stomata, a varying number 
being given off from each stroma. The conidiophores are produced on both the 
surfaces of a spot and appear en masse as minute black dots. They are simple 
very rarely branched septate and brown, the tip sometimes presenting a knee-joint 
appearance. In sections of leaves the conidiophores of a group may sometimes 
have a corymboid appearance, all of them coming up to the same level, the outer 
ones being bent at the base, .They measure on an average 160*8 x4*6[jl. But the 
length of the conidiophore seems to be very variable (104*76 — 209*6(x) and depend- 
ent on the moisture relations. Increased humidity results in a corresponding 
increase in the length of the conidiophore also. The conidiophores germinate 
readily in water with the production of germ tubes. In addition to entire conidio- 
phores even broken bits of these germinate. The germ tubes are given off fro|n 
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either end as well as from a side. The germ tube given off from a broken end appears 
to originate from a septum and grows out through the broken end of the conidio- 
phoro. 

The spores are hyaline, elongated and septate and produced at the tips of coni- 
di ophores. The length of the spores again is extremely vaiiable and to some extent 
d(‘pendent on the humidity. The spores from leaves collected one morning and 
measured immediately varied in length from 33*6 to 260[jl. On another day it was 
slightly drier and the maximum length was only 140 [jl. The spores are broadened at 
th(‘ base and taper towards the end in a whip-like manner. The breadth of the base 
of the spores varies from 3*2 to G*3(jt. The number of septa varies according to the 
Iciigtli of the spores, 2 to 23 septa being noticed. In some cases one or two of the 
ceiitral cells of the spores are devoid of any contents and slightly shrunk, while on 
either side the cells iire full of granular protoplasm. The spores germinate readily 
ill water in 3 to 5 hours. Germ tubes are given off from both ends as w(*ll as from 
the sides. These are produced from most of the cells, each cell being capable of 
giving out a germ tube. 

Tlie fungus was easily brought into pure culture by transferring single germi- 
nating conidia into glucose agar tubes, and its growth on various media was studied. 
The growth of the fungus on agar media was not very quick. 

On glucose agar the fungus produced a greyish white growth with a mealy or 
powdery appearance. The substratum was blackened. Later on the surfacr* of the 
slant became dark grey in colour with a zonated growth. 

On French bean agar also the growth had a powdery appearance with a blacken- 
ed substratum, but the colour of the growirh was more white than in gliicos('. 

Tln^ growth on oatjuice agar w'as good. The substratum was greenish black 
and the hyphm on the sides of the tube were smoke coloured. On the surface the 
growth was white in colour being slightly tinged with pink at the bottom of the tube. 
The ])owdery appearance noti'd in the first two cases was not observed here. 

There was a good white growth of the fungus on cornmeal agar the substratum 
being greenish black as in oat juice agar. With age the top and edges of the slant 
also became black. 

On GariAamws-leaf-oxtract-agar there was good growth with a whit(' mealy ap- 
pearance on the surface, the substratum being black. 

A good greyish white growth of the fungus occurred on sterilizf'd Cartharmis 
stem. The surface of the stem was blackened. A number of conidio})hoies and 
conidia were produced. 

On sterilized fresh Carthamus leaves black spots were formed and those gradually 
increased in number and size. A number of conidiophores and conidia wcr«' pro- 
duced on both the surfaces of the leaves. 

On autoclaved CaHhamm leaves, a good dirty grey growth was formed. More 
of aerial growth occurred than on fresh sterilized leaves. Conidiophores and coni- 
dia were developed. The leaves were blackened, 
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Congo red agar. The growth was slower than in others. The matrix was black, 
the red colour of the agar was only eclipsed in the region where the fungus grew 
but not changed. A number of black sclerotia-like bodies were found both sub* 
merged and on the surface. Such bodies were not found in the other agars. The 
hyphee were both hyaline and coloured, the latter being thicker and sometimes 
irregularly swollen. Inside the hyphsD wc^re a regular array of rounded oil globules 
in coloured as well as hyaline hyphae, producing an annulated appearance. 

The fungus was grown on French bean agar of varying Fuller’s scale to note 
the effect of the reaction of the media on its growth. 


Reaction 

Nature of gro’w th 

Remarks 

--10 

Poor 


—6 

Poor] 

vThe growths after 3 weeks wore almost alike. 

Neutral 

Fair 

j 

4-6 

Good 


4 10 

Good 

>The best of the lot. 

-fl6 

Good 

J 

4-20 

-f26 

Fair 

Poor 

J The media did not set. 


Evidently the fungus prefers a medium which is slightly acidic, i.e., between -l-S 
and +16 Fuller’s scale. 

In culture media a blackened thick substratum of closely matted hypha3 was 
always formed. The hyphae wa*re both hyaline and brown. In some media the 
hyphee were sometimes swollen at intervals and presented a beaded appearance. 
Conidia were produced in agar cultures also but they were formed in larger numbers 
on the sterilised host material. They measured 62*6 to 224x3*6 to 6*l[x. and the 
number of septa varied from 2 to 13. Conidiophore-like structures were also 
present in some of the agar cultures, but these were slightly different from those 
formed on the leaves. 

The parasitism of the fungus on safflower was established conclusively by series 
of inoculations. 

Experiment No, 1, As a preliminary trial, fresh healthy branches of safflower 
with healthy leaves were cut under water and placed in flasks containing water. 
The leaves were washed with mercuric chloride solution and then with sterile water. 
The leaves in one branch were then inoculated by placing drops of water containing 
a suspension of spores collected from nature. The other flask was left as control. 
The flasks were kept in basins containing distilled water and covered over with 
bell jars. In 4 to 6 days small brown spots appeared on the inoculated leaves, 
while the control leaves were healthy. Conidiophores and conidia of (7erco^j)ora 
sp. were formed oTi the spots. 
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Experiment No. II. Carthamus plants grown in pots were kept in glass cages 
with the bottom strewn with moist sand. The leaves of one plant were inocu- 
lated by placing drops of water containing a suspension of spores on them. Bits 
of agar culture were placed on those of another plant, while a third was kept as 
control. The inside of the cage was sprayed with water once a day to keep it 
moist. In 6 days spots were formed on the inoculated leaves — on the plants 
inoculated with spores from nature as well as on those with culture — while none 
were formed on the leaves of the control plant. Conidiophoies and conidia of the 
fungus developed on the spots. 

Experiment No. III. Young seedlings of Carthamus grown in pots with steri- 
lised soil were inoculated with spores of the fungus from culture and covered over 
with bell jars. In 6 days spots were formed on the inoculated leaves, while the con- 
trol plants were healthy. 

Inoculations were made with the fungus on several other plants which are known 
to be hosts of species of Cercospora. Wherever possible, young plants in pots were 
used for inocmlation, but in some (as tapioca and pomegranate) fresh healthy 
branches were kept in flasks of water and inoculated. Pomegranate fruits were 
inoculated and placed in moist chambers. 



Previously known as hosts for 

Result 

Sohmint melongena .... 

Cercospora tnelongence 

Nogativ(‘. 

„ nigrum .... 

Cercoapora sp. . . . . 

Do. 

Kicotia7ia tabacuv) .... 

Cercoapora nicotiauat 

\)o. 


„ Solanicola. 

Do. 

Vigna caijang ..... 

„ cruenia. 

Do. 

iJolichm lahliU) ..... 

M »P 

Do. 

(Janavalia ensift/rrniTi 

sp. .... 

• Do. 

Manihot utilissima .... 

„ maniholis. 

Do. 

Punica grarmtum (leavea) . 

M »P 

Do. 

„ „ (fruits) ’ . 

» bd 

Do. 

Vitis vini/era ..... 

„ Fifii .... 

Do. 

Arachia hypogea . . . . i 

„ peraonata 

Do. 

Brassica oleracea (cabbage) 

„ sp. . . . . 

Do. 

Lettuce ..... 

„ lacifucae 

Do. 


It was interesting to note that the fimgus did not infect any of these plants. Of 
the several hosts tried, it infected Carthamus alone. Evidently, the parasitism 
of the fungus seems to be very much restricted. 

To study the method of infection, suspensions of spores were placed on the leaves 
of young plants kept in flasks of water under bell jars. Eighteen hours after in- 
oculation the spores and conidiophores were found to have germinated. The 
next day germ tubes from the germinating spores were found to have penetrated 
through the stoma of the leaves and grown inside. Having effected an entrance^ 
the hyphas ramified first through the intercellular spaces and later on across the cells. 
The cells lost their colour and shape getting distorted and crumpled. The infected 
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portions assumed a brownish tinge. The spots were at fijst very minute, of the 
size of a pin head, and sunken, and gradually increased in size. The hyphse collected 
underneath the stomata and produced conidiophores which came out through them. 

The disease can be prevented by the application of Bordeaux mixture to the 
plants before the disease appears. Since it is dependent on the humidity of the at- 
mosphere, if the plants are given a protective spraying in time the disease can be 
checked. 

On the Central Farm, a two cent plot of safflower which was diseased was taken 
up to study the effect of spraying. One half was sprayed with 1 per cent. Bordeaux 
mixture, while the other was left as (control. The sprayed plot had G86 plants, whil(‘ 
in the control plot there were 849 jdants. The sprayed plot remained green fora 
longer time than the control one in which the plants became brown and dried up 
earlier. The yield from the control plot was 3 lbs. while that from the sprayed ])lot 
was 5 lbs. 2|oz. Ten plants were selected at random from the two y)lots and the 
weights of seeds from tlie individual plants were recorded separately. They were 
as follows : — 


— 

Sprayed plot 

Control |)lot 






grm. 

grm. 

1 . 



• 

* 

G-97 

7-21 

2. 



• 


291 

4-Xl 

3. 





5*46 

4-6 

4. 




* 

702 

8-0 

5. 





12*9 

3-00 

6 . 





10*8 

6*10 

7. 





10-72 

^7-13 

8. 





10-28 

6-03 

9. 




• 

0-2 

2*78 

10. 




• 

4*94 

3*43 




Total 

116*99 

52*33 




Averaoe 

11-7 

6*23 


The above results point out clearly the beneficial effects of spraying. Two varietice 
were grown at the Central Farm, Coimbatore, and both were found to be susceptible 
to the disc'ase. It is possible that an examination of other varieties grown in other 
parts may show^ some variations with regard to the susceptibility to the disease aini 
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breeding diBcase-resistant varieties may form a more economical method of combat- 
iug the disease. 

An (‘experiment was laid out to note whether the disease is carried on the seed. 
S(‘eds from sprayed and unsprayed plots were sown separately, after steeping the 
s(‘(mLs in 2 per cent, copper sulphate solution and without steeping. In a month smal 1 
isolated spots were found on stray plants in all the plots and later on the disease 
developed (Kpially virulently in all the plots. So the seed treatment is not found 
to be of much use. 

The genus Cercospora is very widely distrilmted and occurs on a number of plants. 
Tlie conidia and tlie conidiophores of the fungus are so variable in length and the 
measurements of these depend on the condition of the weather at the time of collec* 
tion of the specimens that tlie measurements of the spores which are the usual cri- 
teiia for the delimitation of 8])ecies caimot be given prominence in this genus. Tht^ 
only oth(*r course seems to be to judge from the parasitism of the fungus or from 
cultural characteristics. Tin* fungus under study was inoculated on several plants 
which arc known to be ])araRit.iz(‘(l by oth(‘r species of Ccrcosjwra. It was interest 
iug to observe, however, that the fungus pei sisttuitly infected Carthamus alone and 
none else. This leads one to conclude that this fungus may he different from the 
otlu'Ts. It is ther<‘foTe })roposed to name this fungus as Ccrcospmv Carthami. 

Cercospora Carthami, now sp. 8j)ots round or irregular, dark l)rown, slightly 
simk(‘n, isolated or confluent, llypha* both inter and intracellular, hyaline and 
coloured, septate, (^onidiophores produced in clusters, septate, brown, simple 
very rarely branched, 104*75-— 209*5 x4‘(> [jl. Conidia hyaline, linear, tapering, 
sometim(‘s slightly curved, 33*0 — 200x3*2 — 0*3 (jl, the number of septa varying 
from 2 to 23. 

Habitat. On the leaves, bracts and stem of Carthamus ti f ictorius in Coimhaton', 

Welles, C. G. Taxonomic studies on the genus Cercospora in the Thilippinc 
Islands. Ai}tericnn Journal of Botan(jy Vol. XII, Pages 195 to 218. 


NoTK.—8inoe Bonding this paper to the press several other diseases of this plant have bpt'n ro- 
poitod. Fiom Middle Asia Zaprometotf has described rari/tawi causing brown leaf spot-j . 
In ^>ibi ria .Mourashkinsky has recorded on ( arlhamns iinctorius the following: : Sepioria emthami and 
^'urcosjKwdkt carthami causing leaf spots, an undcscribed species of Oidium causing mildew and 
^/e/wtnfA(Wjx)rt«w sp. and Ft/sariam sp. causing the rot of newly formed set'ds. \J\cvien' of Applied 
M urology, Vol. VI, pp. 124 and 364J. 




TUBK WELLS AND AORICUL^^UUE. 


BY 

S. LEUGBTT, M.LO.E., 

Supermte^uhnt, Central Workshops, P.W. />., Amritsar, Punjab. 


The annual Review of Agricultural OperatioiiK in India, 1926-27, written hy 
Dr. Clouston, 0.1, E., Agricultural AdviHcr to the Government of India, rontaiuH 
a section dealing with iiTigation by tube wells. Dr. Clouston has asked me to 
contribute an article on this subject to augment his own remarks- an opportunity 
which 1 welcome in the hope that my labours in this field may be of interest- and 
value. 

My introduction to tube well engineering dates from the year J9J2, wdien 1 wit- 
nessed and assisted in what was probably the first s('rious attempt in India to draw 
water in quantity suilicient for irrigation from the sub-soil by means of tub(‘ wells. 
The well was a small one made by Ashford on his wire wound principle ; it gav<' \ 
ciisec. The outlook was, however, so promising that a larger and deeper well was 
sunk vshortly afterwards which yielded 2 cusecs — a volume of water astonishing at 
that time. Erom these beginnings sprang the present practice of tube well enginecT- 
ing. 

Tube wells had j)reviously been used in other countries ; the Americans employ- 
ed them for irrigation in the dry zones of California and Texas. It is also of inter(‘st 
to note that tubes wound with horse-hair were in service in Egyf)t 50 years ago. 
The hiieness of horse-hair and its resistance to corrosion were considered to parti- 
cularly suit the conditions attending the extraction of water from the sands of the 
sul)-soil. In all probability tube wells have been known for many years, but a syste- 
matic study of them with a view to devising improvements has been taken up only 
recently. In India it w^as begun within the last 15 years. 

Without question, from the agriculturist’s point of view, w^ater and moisture 
are of primary importance. The erratic climate of India w'th its periods of heavy 
downpours of rain follow (‘d by long periods of dryness renders some auxiliary supply 
of water imperative. The tube well is by far the most satisfactory means for pro- 
viding that extra wuit(*r just when it is most needed. Tube well water costs approxi- 
mately 2 to 2| times as much as canal water, but the actual exp(‘ndit\ire for water 
is counterbalanced by the improvement in crops. In some instances, for example, 
market gardening, th<^ improved returns more than justify the extra cost of water. 

With the exception of lands adjacent to large rivers and lands water-logged by 
the proximity of irrigation canals, the underground water level is maintained solely 
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by rain. The immeriHe desert tracts of India do not receive*, enough rain to keep 
up the sub-soil water within the reach of tube wells. There is, moreover, reason 
to believe that the fciupply would fail in such tracts if tappiid by very deep wells. 
Tht; influence of the rivers does, however, extend for miles under the deserts. The 
underground water levels slope jiway from 15 feet below ground to GO feet in a dis- 
tance) of say, 50 miles. Tube well irrigation is economically possible within these 
stri|)s although no rain worth mentioning falls there. The area of lauds adjoining 
th(‘ great rivers of the Ihmjab is very large, but as yet, little has been done to raise 
water in these tracts for agricultural pur])oses, although the conditions are unusually 
favourable for tube wells. 

Irrigation by canals has tended to divert attention from tube wells. Land- 
owners and cultivators look to (Government to ])rovide canal irrigatioji, instead of 
themselves taking the initiative, separately or collectively, to make use of the vast 
underground r(‘servoir which lies lieneath their feet. Canal flow irrigation is cheaper 
than tube well irrigation, volume for volume of waiter supplied, but canal irrigation 
is not so (convenient. Water from eanal.'i is distributed in turns of rigid secpnuice 
whi(*h may or may not exactly suit the crops, while the owiun' of a tube well may 
arrange his irrigation as ap})ears best for his own needs, lie is not obliged to wait 
for the convenience of others. Canal water is, moreover, limited in (^uan- 
titv\ In iNorth India the rivers hav'e been drained dry to feed ih<‘ huge network 
of canals, and yet the demand for irrigation water remains unsatisfied. The gradual 
ris(' of the standard of living coupled with the natural increase of population will 
inevitably lead to a demand for better methods of cultivation, more water, and more 
elasticity in its application than is possible with canal irrigation. It is here that 
tube w'ells may be regarded as tlie solution of the problems confronting the future 
of India in respect of food, fruit and all other products of agriculture. The higher 
cost of tube w^eli water is no barrier to an extension of agriculture, as wdll be ex- 
t>laiued hereafter in detail. 

There is one aspect of canal irrigation which bears directly upon tube w’^ells, 
and that is tlie menace of water-logging. For the information of readers w^ho may 
not be in close touch wdth the adverse side of canal irrigation, it may be explained 
that canals must be led along the higher j)aris of the country ; the}' aic virtually 
new rivers of magnitude not much less than the old rivers they replace. JNature's 
method of draining the country is thus interfered with, and the result is a rise of the 
underground water level near the canals and large areas of valuable land become 
marshy and unfit for cultivation, in other words, water-logged, in conse(j[uence. 

Water logging generally occurs where the sub-soil is porous, where thick beds 
ol sand exist below ground ; in fact, those areas wherein tube wells function best 
are the areas which have become sour and marshy by long continued canal irrigation. 
A porous sub-soil allows water to rise through it to the ground surface ; such soil 
again parts with its water with ecjual facility. The causes which produce water- 
logging are consequently helpful to restoration by tube wells as the latter tend to 
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lower the sub-soil water level ; less than half of the water lifted returns to its source, 
the balance disappears by evaporation and consumption by plant life. 

The cost of tube well water varies in accordance with the depth of the supply 
below ground ; approximately twice the power is required to lift water from 60 
feet than from 30 feet. In water-logged areas the average depth of spring level 
is 7 feet ; consequently, the expense for oil fuel or electricity is low, and the general 
conditions are entirely favourable to irrigation by tube wells. 

There is no apparent reason why canal irrigation should not be stopped wher- 
ever the sub-soil water is within 12 feet from the surface, and replaced by tube well 
irrigation. The canal water set free in this manner can be led away to situations 
where it may be used to advantage on dry lands in need of irrigation. The evil of 
wat(ir-logging will thus be mitigated and an enormous extension of cultivation will 
result. It is hardly within the scope of this paper to explain how schemes of this 
order should be engineered. It will be obvious that much power will be required 
to lift the water from numerous tube wells. The nearest source of power is to be 
found in the falls on the main irrigation canals, which should be carefully conserved 
for exploitation in the most economical manner l)y turbines and electrical distribu- 
tion to the wells. No temporary and extravagant expedients should be permitted. 
Every unit of power in the falling water will eventually be wanted to serve the 
interests of agriculture. 

It will be understood from the foregoing that a tube well can only extract water 
from the earth when the water bearing sands continue to yield water at a rate co]> 
responding to the quantity withdrawn from the well. Desert lands remote from 
rivers and underground sources of supply, with rainfall less than 10 inches per 
annum, cannot be watered by tube wells because insufficient water reaches the sub- 
soil by percolation from above. There is xio continuous feed to the sub-soil and 
any water contained therein is soon exhausted. Our present knowledge of the laws 
governing the flow of underground water is imperfect, but it is safe to assume that 
where the rainfall is more than 20 inches a certain number of tube wells may be 
operated with success, provided they are not spaced so closely as to dry out the 
sub-soil. The monsoon rainfall over most of India exceeds 20 inches, and a store 
of water collects below ground during the wet season which may be drawn upon 
during the dry weather. Water travels very slowly through the sands on its way 
to lower levels ; it does not disperse at once as might be supposed. Heavy local 
rain creates an elevated mass of water in the sub-soil, sometimes as much as 10 feet 
above the normal spring level. This circumstance is of importance and reference 
will be made to it when the engineering side is dealt with in this article. 

Although the lower limits of rainfall over areas where tube wells may be used 
have been approximately indicated, there are many places in India where tube 
well water is certain to be obtained in quantity. The United Provinces, Bengal, 
Central India, in fact all districts where the rainfall is copious but not regular, and 
whore geolog.cal conditions are suitable, should prove to be excellent for water 
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supply. The great plains of India have been formed by sedimentary deposits of 
sand and clay in past ages, and the process still continues. No water can of course 
be drawn from a clay stratum, but the intervening sands arc fidly charged with 
water of incalculable amount. No authenticated case of exhaustion has yet been 
brought to notice. 

The quantity of water it is possible to remove by tube wells from some classes of 
sub-soil is very great ; for example, the writer sank 15 tube wells within an area 
measuring 4 miles long by one mile wide, from which 27 cusecs of water were drawn 
up over a period of three years, the actual time the wells were operated being 220 
days of 24 hours per annum. The spring level sank 3 feet in the period, but no sign 
of exhaustion was evident. The area would have yielded water at a still greater 
rate had more wells been applied to it. To visualize the value of 27 cusecs of water, 
it may be mentioned that it would suffice to irrigate no less than 7,000 acres of mixed 
cr()[)8, at an average cost of Rs. 10 per acre. The installation in question was planned 
on modern lines ; a canal water- fall near by was harnessed and the water lifted from 
the wells by electrically driven borehole pumps. 

As is the case with most enterprises, the larger the scale on which it is conducted 
the cheaper the product. This axiom of commercial practice applies to tube well 
engineering with the same truth as it does to manufactures. The capital cost, 
supervision expenses, labour, overhead charges, are all lower in relation to the 
water raised from large groups of wells, than from single wells of small output. 
These large installations would naturally re^juire to be financed by public com- 
panies, Indian States, or by Government, and managed and planned by experts, 
to eiLsure the lowest possible cost to the cultivator. 

While it is desirable from financial considerations to group tube wells round a 
central source of power, the impression must not be conveyed that single wells, 
privately owned, are not profitable investments. On the contrary the assistance 
given by a tube well to crops depending normally upon rain, often turns what might 
have been a season of loss into one of profit. The sense of security imparted by the 
knowledge that all is not lost in times of drought should lead to improvement of agri- 
cultural practice and reduce the conservatism so noticeable in India. 

Tube wells are fortunately effective in al sizes ; it is not necessary to be a rich 
man to own one. The small well for 10 acres is as reliable as the large 2 cusec well 
for 500 acres. The illustrations appearing hereafter show types suitable for the 
irrigation of the smallest plot or the largest estate. 

Having traced the general outline of the subject, the technical and engineering 
details will next be presented. 


{To he continued.) 
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REPORT ON COTTONS FROM SIAM.* 

BY 

SIR GEORGE WATT. 

Report on the Iiotauical specinicns of Oossffpiu7n sent from Siam by Dr. A. F. (i, 
Kerr (from time to time) to me for determination. The references are to The 
Wild and Cultivated Cotton Plants of the World.” 

Gossypium arboreum Linn, (typical form). 

Ver. name Fdi Deng. 

Bangkok, Aug. 1920, Kerr 4418 

'' Flowers, young twigs and petioles, dark purple.” 

Cultivated as an ornamental shxub only. Conanon in temple gardens. ( Watt^ 
Lc., p. 81, pi. 7-8 : Kew Bull., No. 6, 1926, p. 194.) 

Gossypium arboreum Linn. 

Var. neglectum Watt 
Ver. name Fdi Noi. 

Chiengmai, Aug. 1921, Kerr L. 

Cultivated. (Watt, 1. c., p. 95, pi, 10-11 : Kew Bull., No. 5, 1926, p. 195.) 

[ This has been noted in the Chiengmai district only, but doubtless it occurs 
elsewhere.] 

Gossypium Nanking Meyen 
Var. siamense, nov. 

Ver. names for the form with white floss Fdi Kao or Fdi Lek ; for the form with 
rust coloured floss Fdi Tun. 

Pang Hua Sua, Chaibadan, Kerr 8034 ; Kanburl, Kwe Yai, Kerr 10141 ; Kanburi, 
Ta Kanun, Kerr 10270 : Chiengmai, Kerr E, P ; Ban Wang Muang, Raheng, Kerr 
J ; Lampang, Hangsat, Winit ; Lampang, W init. 

A very remarkable small bush (1.5 m.), with profusely hirsute foliage and twigs. 
Leaves ovate-rotund, cut into 3-5 lobes with sinuses open and thrown up in folds, 
obes linear— oblong—deltoid, only very slightly tapering downwards, acute — 
apiculate ; Stipules small linear very caducous, glands 1-3 on the veins ; Inflorescence 


* 'reclmical and Scientific Supplement to “ the Record,” I'Jo. 2, issued by the Ministry of Commerce 
and Communications, Bangkok, 8iam. 
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axillary i-flowered spurs ; Flmwrs small, hardly longer than the bracteoles, yellow 
with purple claws, not fully expanding and lirmly emluaced by the erect bracteoles ; 
Bracteoles at first small, linear oblong, scarcely cordate and external glands none 
but with 3-4 coarse teeth on the apex,-- the liracteoles Ix'corne greatly accrescent 
(and persistent) around the base of the fruit; Fruit 4-celled, broad ovate-oblong 
much apiculate, bursting completely open and thus discharging four large compact 
cf)l)S of seeds which cohere by their involved (almost felted) short coarse woolly 
floss (much as in 0. arboreu/tu Linn. var. assamimm Watt, /. c., pi, 13.) ; large 

coarse, fuzz and floss strong but lirmly adhering and quit(i useless, except for 
upliolst(‘ry purposc^s or tlie manufacture of cordage ; Floss very woolly and dirty 
white or rust coloured, one recent sample shows silky floss. 

It is said to be cultivated by tlie Karens as an annual croj). In a letter of Mar. 
doth lbd() Dr. Kerr speaks of the plant (101 If and 10270) as being “ the common 
(‘otton cultivated in th(' north(u*n parts of the Kanbiiri Province, near the Burmese 
border.’' lie then adds that it is only grown in small quantities, however, and for 
local use. The form (E) is known as khakt cotton and is said to often have darker 
coloured floss than shown in the* specimen. 

In my re])ort of Aug. 17th 1925, speaking of this plant (8031), 1 observed “ 1 
suspect this may be the original cotton of Siam ” a suggestion worth bearing in 
mind. Inowgiveit a separate varietal name as it is sufficiently distinct to justify 
recognition, though commercially nearly worthless. 

[ This variety is the commonest in cultivation in Northern Siam and it extends 
down on the Western Border to Kanburi Province. The floss seems to vary in 
quality ; it is commonly used for weaving in N. Siam.] 

Gossypium Nanking Meyen 

Var. japanense, nov. in Kew Bull. 

Ver. name Fdi Noi. 

Chiengmai, cultivated, Nov. 1922, a bush (1. 5 m.), Kerr A. 

A useful plant, should be carefully studied in the production of local supplies. 
Is the chief source of the better cottons of Japan. (Kew BuU., No. 5, 1920, pp. 
196-7.) 

[ Only occasionally cultivated in the neighbourhood of Chiengmai.J 

Gossypium obtusifolium Roxh, 

Var. ? Wightianum race near Kanvi. 

Ver. name Fd% Samut, 

Ubon, Kukan, Hui Nila, Kerr 8971 : Loi, Chiengkan, Kerr 8974: Chiengmai, 
Kerr D : Pre, Kerr H, K. : 

A small plant cultivated in clearings. 

In the report of the 17th August 1925, I observed that this is a poor hybrid with 
only one point in its favour — a high yield of an inferior woolly floss. The mixture 

F 2 
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of 8970 with 8971 lowers the value of both : (see Watt, L c,, pp. 143 and 151, pi. 21-22, 
Kew Bull, No. 5, 1926, p. 205.) 

[ This variety is also very commonly cultivated in Northern Siam, it is the usual 
cotton cultivated in the Pre district, and extends into Eastern Siam.] 

Gossypium punctatum Sch, el Than, 

Var. nigerium 
Ver. name Fdi Chan. 

Pang Hua Sua, Chaibadan, Kerr 8035. 

A straggling cultivated shrub. 

This stock may have originally come from America or West Africa, or even 
from Egypt : it is certainly not indigenous to Siam. It is the plant known in the 
U. S. A. as th(; Moque cotton of Arizona, and in Egypt is one of the commonest forms 
of the so-called Hindi- Weed. It is in most countries a ferine plant but cultivated 
states of it exist, such as King’s Improved, and it is indeed possible that it gave 
origin to the long series of Short Staples of America — the plant ultimately assuming 
the form now known as G, hirsxUum Linn. 

Dr. Kerr remarks of this plant “ branches purple, flowers pale yellow without 
dark eyes.” ‘‘ Cultivated 3 or 4 plants, together with a like nmnber of 8034 {0, 
Nanking Moyen var. siamense), in a small jungle village.” This corresponds to the 
Indian mixture of G. htrsvinm with G, neglectum, commonly seen in the fields of the 
Central I^rovinces — the belief being that the former raises the quality of the latter. 
As a matter of fact nothing injures a crop of cotton more than the mixture of diSerent 
lengths of staple. WaU, I c., pp. 164, 168, 182, pi. 27-8. 

[ This variety has only been collected once, in the locality noted above.] 

Gossypium hirsutum Lmn. 

Ubon, Kukan, Hui Nua, Kerr 8970 ; Sukdtai, Klawng Tan, Kerr 10089. 

This was the first plant to attract attention to the Short Staple Cottons of the 
U. S, A. and even now is a large source of that cotton. The plant is very hai^, 
the flowers arc pale yellow with purple spots, and the seeds are large and coarse. 
In my report of the 17th Aug. 1925 1 wrote ‘‘ Floss silky and separating easily from 
the brown-grey fuzz.” It is very nearly typical of what in India is called Saw-Ginned 
Dharwar. {Watt, I c,, pp. 183-200, pi 29, 30 and 31.) 

[ Fairly large crops of this cotton are grown in the Sukotai Province and also 
south of Ubon.] 

Gossypium mexicanum Tod. 

Ver. names Fai Chan in Ubon Province, Fdi Samut in Chiengmai. 

Ubon, Chanuman, Kerr 8972 ; Chiengmai, Kerr C. 

One of the chief sources of the better Short Staples or Upland Cottons of the 
U# S. A. 
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The sample marked (C) is, in point of foliage, almost typical but the seeds are 
very nearly naked, showing that the plant is a hybrid, possibly with G, purpurascens 
Poir. It is suggestive of the Durango Cottons. On the other hand the sample 
No. 8972 is a hybrid that comes near the Sunflower Cottons of the C. S. A. (Watt^ 
L c., pp. 226-44, pi. 39, 40 and 41.) 

[ Cultivated rarely in Chiengraai and to a somewhat greater extent on the banks 
of the Me Kong in Ubon Province. Large crops of it are said to bo raised on the 
left bank of the Me Kong but the local people say it does not do so well on the right 
bank.] 

Gossypium purpurascens Pair, 

Ver. name Fdi Tet in Bangkok. 

Bangkok, Marcan 695 ; Surin, Sangka, Kerr 8969 : Bangkok, planted in temple 
grounds, Kerr 10094 ; Chiengmai, Kerr B. 

Bourbon or Porto Rico cotton, sometimes spoken of as Siam cotton, where it is 
grown in the temple gardens. A straggling (almost climbing) perennial bush, twig^ 
slender angled purplish blistering subglabrous and glaucous. Leaves small oblong 
broader than long, cordate ciliate, when very young, soon becoming glabrous, central 
vein carries a thick gland, petiole long thin warted by strong dots, blade entire or 
three lobed, the laterals pointing upwards and outwards ; Inflorescence one flowered 
lateral spurs along the growing shoots ; Flotvers small pale yellow without purple 
claws ; Bracteoles sub-rotund deeply gashed into linear teeth, the central one the 
longest ; Pedicles terminating in three conspicuous glands ; Calyx large loose truncate 
sliortly toothed, the teeth 3-uerved ; Fruit small oblong 3-celled ; Seeds large smooth 
nearly naked, wool copious, easily separated, pure white and softly silky. 

(B). A somewhat remarkable form, a hyV)rid approaching G, mexicanum, in 
which the seeds carry a distinct fuzz ; cultivated but not common. 

No. 8969. A hybrid with flowers carried along the shoots so as to suggest the 
name G. racemosum ; fruit 4-celled ; seeds with imperfect fuzz. This approaeh<*s 
G. hirsutum or G. mexicaniim according as it is hairy or glabrous. It is a good cotton, 
especially the glabroiLS forms ; capable of improvement by careful cultivation and 
selection of stock. It is possibly the best sample in the present series of Siam cottons 
and appears to be commonly cultivated in the eastern districts. 

To the French colonists is due the once popular position of this species in th(‘ 
production of high-class cottons. The success of the planters of the U. S. A. eclipsed, 
however, the Bourbon cottons, though for insular countries the subject is well worth 
re-investigation. It might be suggested that purpurascens should be crossed with 
brasiliense in the first attempts, in Siam, to produce improved cotton. (lfa^,t. c. 
pp, 250-55, pi. 44.) 

[ This cotton is commonly cultivated in the southern part of Surin Province 
but often mixed with other varieties^ Elsewhere it has only been seen as an occasion- 
al plant.] 
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Gossypium brasiliense Mac/, 

Ver. names Samli in Bangkok, Fdi Tel in E. Siam and Northern Kanburl, Fdi 
Lumuj in N. Siam. 

Bangkok, Ban Cliimbali, Eryl Smith 131 : Bangkok, temple grounds, Kerr 
10093 : Kanburl, Srisawat, Kerr 10188 : Chiengmai, Kerr E., G. 

A shrub or small tree (4m.), not systematically cultivated. BrancMets round, 
cuticle blistering ; Leaves sharply and acuminatoly cut into 5-7 lobes the auriculate 
pair angled (leaves not undulate nor irregular), young foliage tomentose but soon 
becoming glabrous ; Stipules large, more or less j)ersistent ; Flowers very large, em- 
braced hy the immense bracteoles, glands on the apex of the pedicles larg(‘ and 
prominent ; Fruit oblong acuminate 3-celled ; Seeds distinctly kidneyed. black, 
naked or nearly so, large oblique oblong, with a tuft of fuzz around the so-(*alled 
beak. 

Kerr 3148, Chiengmai, is perhaps worthy of the position of a variety as the foliage 
is not typical but better material would be necessary for final determination. Indeed 
it might even prove a form of G. peruviannm. 

[ This species is not cultivated as a crop but occasional plants are q iiite common 
in village gardens.] 

Gossypium brasiliense Macf, 

Var. apospermum Kew Bull., 1914, pp. 198-199. 

The Canto Cotton of south-east Cuba. 

Ver. name Fdi Luany, 

Chiengmai, Kerr 10087. 

Attention was first drawn to this plant by Mr. W. Harris, Supt. of Public Gardens 
and Plantations in Jamaica. He speaks of it as a tree cotton apparently found wild 
or semi-wild and tells us that it is a })erennial lik(dy to prove of considerable value 
for cultivation in dry districts within the tropics. Mr. Harris furtluT observes that 
it is estimated to yield at least 1200 lb. of seed-cotton per acre and since tic 
has been sold at prices varying from 18-20 cents j)er lb., in the American market, 
the plant gives promise of being of considerable value. 

Sprague, who published an account of the plant in the Kew Bulletin, giving 
it the above-mentioned provisional name apospermmn, says that it agrees, in most 
of the technical characters, with G, brasiliense, from which it differs in the seeds 
being free from one another ; he then remarks that in view of its being wild or semi- 
wild it may possibly represent the wild stock ” of that species but he adds that 
“ the possibility of its being a hybrid of G. brasiliense with some other siiecies cannot 
be entirely excluded.” 

A specimen was sent to me from Siam, in 1925, by Dr. A. F. G. Kerr (No. 10087) 
which, not having then seen the Cuban plant, 1 identified as possibly 0. peruvianum 
but tln‘ material was not satisfactory and I asked for further supplies to enable me 
to finally determine the plant. In consequence additional specimens have now co|ne 
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to hand and I find that it matches in every detail Mr. Harris’s Cuban plant, even 
to the seedlings, which in both sets have been supplied. In my mind there is little 
or no doubt that the plant is a hybrid of G. 'peruvianum x Imisilieme. It is, therefore, 
a matter of Uttle importance under which species it is placed, except that the seeds 
of peruvianum are normally apospermous. I am disf)ose(l to think it may be a 
recessive hybrid which in its present manifestation shows the strongest strain of 
peruvianum. But it is singular that there wou’d appear to be no form of peruvianum 
})roper in Siam and further that this remarkable hybrid should a])])ear spontaneously 
in two so remote and so very dissimilar countries, with hardly any trace of it in the 
intermediate regions. I am in fact confirmed in the opinion, reported to Dr. Kerr 
in 1925, that its strongest affinity is with the Met afiji cottons of Egypt. But Mr. D. 
N. Simpson has supplied me with plants tinder the so-called Hindi-Weed of Egy])t 
that approximate very closely to the Canto cotton, an opinion that makes me the 
more suspicious of the dominantly or permanency of the jilant. It would be interest- 
ing to learn from Jamaica of the success that has been attained in the endeavour to 
make C^auto cotton of commt'rcial value. 

The following specimens may be recorded as being apospermum Sprague : — 
Harris’s ('auto plant, growm in the Hope Gardtms, Jamaica, (1th May 1914), also 
the Cuba plant, (31vst Mar. 1914) : Dr. Kerr’s Siamese specimens, No. 10087 : also 
(B), Bangkok, a specimen showing the seeds free but with a rusty tuft around the 
beak ; and (M), Chiengmai, seedlings. 

(hdtivated in Siam but not as a croj) — a perennial shrub or small tree. The 
foliage is striking and may be examined as follows : — 

(a) Cotyledons and first leaves of seedling — transversely (dliptic (twice as 1>road 
as long), entire, obtuse, but not at all cordate, 3-5 veined and veins 
winged and forming a web-footed attachment to the winged petiole, 1-3 
veins of the first leaves may carry small linear glands near the l)ase, and 
foliage quite glabrous but prominently punctated, with black dots. 

(/>) Early broad ovate, entire acimiinate or apiculate, becoming faintly 

cordate, 3-5 veined and winged, as already described, when young with 
minute stellate hairs but turning quite glabrous, and stipules narrow 
linear early caducous. 

(c) Later leaves — cordate, 3-toothed on the apex, as in G. mexicanum, teeth 

broad deltoid acuminate, central one much the longest, petiole and 
young shoots winged and web-footed, within the cordature. 

(d) Ultimate leaves — much as in G, peruvianum, very large coarsely-formed 

(not cut sharply and uniformly as in brasiliense) 5-7 lobed, bottom short 
pair pedate and lobes sometimes conspicuously toothed on the margin, 
blade from apex of the petiole to tip of central lobe 8-10 ins. and across 
from tip to tip, 10-15 ins., veins imperfectly winged but prominently 
web-footed and carry 1-3 glands that look like slits, with a tongue of 
epidermis within, veins and reticulations prominent, pale coloured 
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deeply auricled (the auricles overlapping the petiole) and the whole 
surface quite glabrous (except on the veins below where a few stellate 
hairs may be seen), petiole round but showing lines representing the wings 
and prominently gland-dotted, petiole 1-5 ins. long. 

Twigs and shoots — ^rounded or only faintly angled, quite glabrous, minutely 
gland-dotted, brown flushing purple : Inflorescence axillary spurs which carry 2-3 
extra axillary flowers ; Bracteoles ovate rotund, free, or nearly so, deeply gashed into 
L5-20 long much-awled nearly equal teeth, the central one again gashed into 3 but 
not abnormally elongated and quite glabrous, not maculate as in brasiliense but 
fully half the length of the corolla which is lemon-yellow streaked with purple (as it 
matures) ; Glands on the apex of the pedicle not very prominent, pedicles furrowed 
and angled ; Calyx a loose cup cut square across ; Capsules ovate acute (not elongate 
acuminate as in brasiliense), almost entirely embraced by the accrescent and persis- 
tent bracteoles ; Seeds free, black, with a rufous tuft of fuzz around the beak, obliquely 
striate^!, the furrows giving attachinent to the floss. 

[ Unfortunately at the time of collection this was not recognized as a distinct 
variet}' ; it does not appear to be common. It is hoped to get more information 
about this interesting plant.] 

July 6th, 1926. GEORGE WATT. 


[ To the above report have been added more detailed localities and also some 
local names. The notes in square brackets are also additional. Not much 
reliance can be placed on the local names as the cultivators themselves often do not 
distinguish between diflerent varieties. A. K.] 

Note. — Since this report was put in type, Mr. M. S. Goodman, Superintendent of Public Garders 
and Plantations, Jamaica, has written as follows ; — “ The Cauto cotton was tried here but the coiiditic^rB 
of climate and seasons are so erratic that cotton cultivation is one of the most speculative and uncertain 
of agricultural enter}:)riscR ever aAtemi^ted in Jamaica. During the Reasons that werc^ suitable to cott on 
growing the Cauto cotton gave good results but the price offered for the cotton was so low that it would 
not pay to cultivate it and its cultivation has been discontinued,” 
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ISOLATION OF PATROCENES FROM DISEASED MATERIAL. 

The Secretary, Indian Central Cotton Committee, has sent the follo\\ing 
abstract for publication : — 

The following point in mycological technique has been discussed with several 
mycologists from time to time and some of them have since used it with success. 
It may be found to save trouble to workers who may have to isolate their fungi 
in draughty rooms and particularly in tropical countries where accommodation 
and equipmfmt is not always all that can be desired. 

Tn making isolations of pathogenes from diseased material, the usual procedure 
may be briefly described as follows : — Some of the spores, tiny pieces of the diseased 
material, or fragments of mycelium are placed in sterilized water in a test-tube 
or in a drop of sterile water on a flamed slide. A platinum loop is then flamed 
and a loop full of the water with spores or material in suspension is transferred 
into a test-tube containing melted agar at the required tempeiature and mixed. 
The melted agar with spores in suspension is then poured into a sterilized Petri 
dish. Subcultures are then made later from the colonies produced in the Petri 
dish. It is often the case, however, that quick growing fungus weeds and bac- 
teria are very troublesome and seriously contaminate the Petri dish cultures. This 
can frequently be avoided by allowing the agar in the test-tube to cool to a point 
so that, after pouring into the Petri dish, sufficient agar will be left in the test- 
tube to form a thin coating round the sides of the test-tube. If, in addition to 
tlie Petri dish, the test-tube is also retained, subcultures can almost always be 
made from tiny colonies on the film of medium round the test-tube. This film 
is not exposed to contamination to the same extent as the Petri dish. Additional 
advantages over the Petri dish is derived from the fact that the medium is in the 
ioim of a thin film. The growth of the colonies is not so rapid that they grow into 
one another quickly, and incidentally the colonies on the thin film of medium oft<‘n 
produce spores in a shorter time than in the thicker and moister medium in the 
Petri dish. Preliminary examination with a lens also assists in spotting the com- 
mon weeds since these can often be recognized by their method of growth at a very 
early stage. Farther, the colonies in the test-tube can be examined on several 
occasions without fear of further contamination, whereas with the Petri dish there 
IS danger each time the lid is tilted. Lastly, a Petri dish on cooling sucks in air 
and with it fungus spores and bacteria. 

When an inoculating chamber is used for culture work, it is often desirable to 
free i*(j cf fungus spores and bacteria. For this purpose commercial formalin is 

( m ] 
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often used, but there is the serious objection that several days must pass before 
one can enter and work in the cabinet owing to the discomfort caused by formalin 
vapour. It has been found that it is not necessary to sterilize the chamber to avoid 
contamination. All that need be done is to boil some water and allow the steam 
to condense. The condensed moisture on the sides of the chamber holds down 
bacteria and fungus spores very effectively. It need hardly be pointed out that 
the effectiveness of the operation ceases as soon as the chamber becomes dry. |H. 
R. Briton-Jonks. Tropical Agriculture, Vol. IV, No. 5, May^l927.] 


THE TWO MOST COMMON DECAYS OF COTTON BOLLS IN THE SOUTH- 
WEST STATES. 

The Secretary, Indian (^entral Cotton Committee, has sent the following 
abstract for publication : — 

Two forms of decay of cotton bolls, frequently referred to as “ smut ” in their 
later stages, have been found to occur commonly in southwestern United States. 

These dist^ases are not triuj smuts and have only a superficial resemblance to the 
smuts. 

One of these forms of decay is caused by Aspergillus nigar Van Tiegh and the 
other by Rhizopus nigricans Ehr. 

The two diseases may be readily distinguished by the discoloration of the affected 
tissues as well as by the character of the fruiting stages of the parasites. 

Both organisms readily produced rot of artificially wounded and inoculated 
cotton bolls, but failed to affect uninjured bolls. 

The infection in the field apparently depends on injuries caused by various 
insects, the most noticeable of which are those caused by the boll-wonn. Control 
measures, therefore, will have to be directed chiefly against these insect enemies. 
[Jour. Agri. Res., Vol. 35, No. 4. Michael Shapovalov.] 


EFFECT OF HYDROGEN-ION CONCENTRATION ON THE ABSORPTION 
OF PHOSPHORUS AND POTASSIUM BY WHEAT SEEDLINGS. 

The Secretary, Indian Central Cotton Committee, has sent the following 
abstract for publication : 

Wheat seedlings were grown in potassium phosphate solutions of different initial 
hydrogen-ion concentrations. 

Relatively more potassium than phosphorus was absorbed by the seedlings, 
in-espective of the initial hydrogen-ion concentration of the solution. In the solu- 
tions with initial hydorgen-ion concentratioas of 6*0 and lower, this preferential 
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absorption of potassium resulted in increased acidity. In solutions with initial 
hydrogen-ion conccuitrations of 6*0 and 7*0, the increase in acidity was but slight, 
owing to the buffer properties of the solutions. 

More p]ios})horu8 was absorbed by the se dlings from the solutions with initial 

valu(*s of 5*0 and lower than from those with values of 60 and 7*0. As all 
potassium salts of phosphoric acid are solul)le, this tends to show that the j)hysio- 
logical availal>ility of phospliorus de})ends upon the hydrog(‘n-ion concentration 
of the, medium. 

The g<ui(^ral character of the results was not affected by the duration of the 
experiments nor by the age of seedlings. Neither was it affected by the coiu^en- 
tration of the solution, ])rovided the differenc<‘s in initial reactions in the solutions 
of the low(‘r coiu'entrations w<Te maintained by daily reiunval. 

The ('xcess of phos})liorus absorbed from tlu' acid solutions was found in tlie 
tops of th(‘ seedlings. The tops also had a higher potassium content than those 
from the neutral solutions. The roots from the neutral solutions contained more 
phospliorus and almost twice as mucli potassium as those from the corn'spondiiig 
acid solutions. 

The power of the seedlings to absorb phosphorus and jiotassium decreased as 
they advanced in age. 

Tln^ absorption phenomena observed in th<‘se experiments, as well as the ab- 
sorption of cations and anions by living cells in gimeral, are explained by the assuni})- 
tion that tliere is a relatively wide range in the isoelectric points of individual ]»ro- 
toplasmic ampholytes. [Jour. A(jri. Res., Vol. 35, No. 4. Jkhiel Davidson.) 


RURAL UPUFT IN THE INDORE STATE. 

Important developments relating to the uplift of the countryside^, in pro- 
gress in Indore State. In 1927, the Darbar decided to deal with rural uplift as 
one subject ami to create* a Department of Rural Develojmient in charge of a semi or 
officer. With this object the work in ])rogress in Agriculture and Co-operation 
was amalgamated into a single agency. It is proposed, as time goes on, to extend 
the. Depart-ment of Rural Development still further and to include in it most of 
th(^ existing organizations which now deal with the cultivator. 

The new Department has made a good beginning and lias begun to utilize the 
results obtained at the Institute of Plant Industry which serves as the central ex- 
periment station for the new scheme. Furt.her ilevelopments are in progress. The 
Darbar has decided to pass tlu^ whole of the Rc^venue staff through the Institute 
of Plant Industry and for this purpose is erecting a hostel on thi* area leased to 
the Institute. In addition, plans and estimates are being jirepared for a large 
euttle farm near Indore for the improvement of tin* Malwi breed of work cattle. 
[From Capital, Vol. LXXX, April 12, 1928.] 
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SUPFLYCF sue ARCANE VARIETIES FRCM IHE IMPERIAL SUGARCANE 

STATION, COIMBATORE. 

Indents for planting material of sugarcane varieties are received from corres- 
pondents practically all throughout the year with the result that, in the past, a 
certain number of them had to go disappointed. This note is written with a view 
to helping such correspondents. 

The bulk of the sugarbane crop at the Imperial Sugarcane Station at Coim- 
batore is harvested betw’een February and April ; and all material, before it is 
sent out for planting, is invariably examined and passed for fungus diseases and 
insect pests by the Government Mycologist and the Government Entomologist, 
respectively, at the Agricultural College, Coimbatore. Indents for sugarcane varie- 
ties should therefore reach the undersigned by the middle of January at the latest. 
As the material available at the station is rather limited, partly because of the 
very large number of varieties and seedlings that have to be grown each year and 
partly because of the need to meet indents from all over India and Burma, it is 
not generally possible to send out, of any variety, more than a limited quantify 
—say about half a dozen pieces, each four feet long. 

It may be mentioned here that it is best to obtain a new cane for trial in a small 
consignment in the first instance for the following reasons 

(1) Large cane consignments not only involve heavy transport chargcB but give a com- 

paratively poorer germination at destination, because the luds or ‘ eyes ’ are 
likely to get damaged in transit. It is easier to send out a smaller consignment 
taking the necessary precautions against such damage. 

(2) New canes take some time to get acclimatized in a locality with the result that a 

larger consignment does not generally result in a proportionately larger number 
of plants during the first year. 

(3) It is safer to multiply gradually one’s crop from a small lot of carefully selected 

disease-free material than from a big one which is at all suspicious in this respect ; 
and the smaller the consignment the greater the chance of its being “ safe ** mate- 
rial. The damage to cane crops from insect and fungus pests is so great and 
methods of control so difficult and expensive that a grower cannot be too care- 
ful in this matter. 

(4) Once a cane is really found suitable in a tract, it is now possible to multiply rapidly 

the same in a short period by a process which has been in vogue in Java and re- 
cently fully described by Mr. Wynne Sayer in the Agricultural Journal of India, 
Vol. XX, Part 2, page 148. 

Correspondents are also requested to apply in the first instance to the Provin- 
cial Agricultural Departments before writing to Coimbatore for cane material. 
The Provincial Departments of Agriculture grow on their farms, sometimes, fairly 
large quantities of the more popular of the Coimbatore seedlings ; and such a supply, 
besides the obvious saving in freight charges, would secure for the correspondents 
material to some extent acclimatized to the province. [Rao Bahadtjk T. S. Ven- 
jtATRAMAN, Government Sugarcane Expert, Lawley Road Post, viq Coipihfl'tore.^ 
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WOODHOUSE MEMORIAL PRIZE. 

Amended Rules. 

The Prize will be in the form of a silver medal and books of a combined value 
of Rs. 85 to be competed for annually under the following conditions : — 

The competition is open to graduates of Indian Universities and to Diploma 
holders and Licentiates of recognized Agricultural Colleges in India who are not 
more than 30 years of age on the date of submission of their essays. 

The prize will be awarded to the writer of the best essay on a subject of bota~ 
nieal interest, to be selected from a list which will be drawn up each year by the 
examiners and published with an official notice regarding the comx)etitioii in 
Tliii Agricultural Journal of India.’' Notices will also be sent to Departments of 
Agriculture and Universities in India. 

The length of the essay should not exceed 4,000 words; and the prize essc'y, 
if of sufficient TOer it, will be published in “The Agricultural Journal of India.” 
It must not be published otherwise without the sanction of the Director of Agri* 
culture, Bihar and Orissa. 

The examiners will be : — 

(1) The Imperial Economic Botanist, Pusa. 

(2) The Economic Botanist, Sabour. 

(3) A Botanist attached to a provincial Agricultural Department, who will 

be selected by the Trustees each year. 

(4) A leading Botanist of an Indian University. 

If no essay is sufficiently good, the prize will be held over and the money will 
go to increase the fund. 


List of subjects for 1928 prizf. 

1. Modern methods of crop improvement by botanical methods. 

2. The application of cytology to plant breeding. 

3. The place of physiological research in botanical science, as applied to 

crop improvement. 

4. The importance of lower organisms to the growth of plants, 

5. The technique of yield trials with special reference to Indian crops. 

6. The problem of sterility in Indian crops and fruit trees. 

Papers should be forwarded to the Director of Agriculture, Bihar and Orissa, 
Sabour, Bhagalpur, E. I. R. Loop, before November 1st, 1928. 



Personal Notes, Appointments and Transfers, Meetings 

and Conferences, etc. 


W<3 hav(} heard with deep regret of the death on the 16th July, of 

Sir Frank Georgk Sly, K.O.S.L, D. Litt., late Governor of the Central 
Provinces. He served as Inspector-General of Agriculture in India from 
DecemlK^r 1904 till February 1907, and it was during these years, the 
foundations of the Indian Agricultural Departments were firmly and wisely 
laid. 


Mr. T. Bainurigge Fletcher, K.N., F.L.S., F.E.S., F.Z.S., Imperial Ento- 
mologist, was on leave on average pay for four months with effect from 4th Ma} , 
1928. 


Mk. P. V. Isaac, B.A., D.I.C., M.Sc., F.E.S., Second Entomologist (Dipterist), 
officiated as Imperial Entomologist, mce Mr. T. Bainbrigge Fletcher granted 
leave. 


Rai Bahadur 0. S. Misra, B.A., First Assistant to the Imperial Entomologist, 
held charge of the current duties of the post of Second Entomologist (Dipterist), in 
addition to his own, vice Mr. P. V. Isaac appointed to officiate as Imperial Ento- 
mologist, Pusa, from the 4th May, 1928. 


Consequent on the retirement of Mr. D. A. D. Aitchison, M.R.C.V.S., Mr. F. 
Ware, F.R.C.V.S., has been confirmed in the appointment of Veterinary Adviser 
to the Government of Madras. 


It has been decided by the Punjab Government (Ministry of Agriculture) that 
in future both Branches of Veterinary Administration, namely, cattle breeding 
and the prevention and cure of diseases of animals, shall be under the control of 
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a Director of the Civil Veteriaary Department, who will be the Head of the De- 
partment. 

In accordance with the above decision, a ])Osfc of Director, Civil Veterinary 
Department, has been created with elfect from the 4th of July 1928 and with 
effect from the same date the post of Chief Superintendent of Civil Veterinary 
S(>rvice has ceased to exist. 

Mr. T. F. Quirke, G.V.S., has been ajjpointed Director of the Civil Veteri- 
nary Department, Punjab, with effect from the 4tli of July 1928. 


Mr. G. S. Garewal, M.R.C.V.S., has f>een appointed Live Stock Ollicer to 
Government, Punjab, with effect from 2Gth July, 1928. 


Mr, N. V. Kantikar, Assistant Professor of Chemistry, has been appointed to 
do duty as Soil Physicist to Government, Bombay, vice Mr. V. A. Tamhane. 



REVIEW* 


Land Tenure and Agricultural Production in the Tropics*— By H. Maktik 
Leake, So.D. Pp. x+139 (Cambridge: W. Keeper & Sons.) Price, 7s. 
(jd, net. 

Dr. Martin Leake’s latest book entitled “ Land Tenure and Agricultural Pro- 
duction in the Tropics ” is not one to be read in a single sitting. Like all Dr. Leake’s 
works it requires careful study. It is a very thoughtful and erudite treaties on 
the important subject of agricultural land tenure. Dr. Leake’s long experience 
of India enables him to draw lessons from the ancient systems found in India. He 
is specially conversant with the talukdari system of Oudh and U. P. generally. He 
has divided his subject into six chapters, and has given some of his own articles 
bearing on the subject as appendices. Dr. Leake starts with a discussion of the 
theoretical aspect of land holding. In the second chapter he gives a sketch of the 
Indian systems based on Akbar’s revenue system which fixed the revenue assess- 
ment at 90 per cent, of the assets on the following basis ; — 

“ There shall be left for every man who cultivates his land as much as he requires 
for his own support till the next crop is reaped and for that of his family and for 
seed. This much shall be left him, what remains is land revenue and should go 
to the public treasury.” 

Tropical development and the agencies of development arc dealt with in the 
next two chapters. The author then goes on a discussion of the policy which he 
thinks will meet the situation and make for progress and development. This he 
calls the ” Triple Partnership ”, (i) The Raj, (2) The Zemindar, (3) The Cultiva- 
tor. 

In the last chapter the author deals with the educational problem. On this 
subject Dr. Leake is very nmch at home as he was head of the Agricultural College, 
Cawnpore, for a number of years, and he is thus in a position to give first hand in- 
formation. He points out the necessity of giving a proper technical training and 
education to the people who can take advantage of it ; for example, zemindars and 
sons of zemindars and those with vested interests in the land are the proper people 
to be educated at agricultural colleges. On the contrary, what is frequently done 
is to give training to a class of men who carry no weight in the land and who are 
unable to make any use of their training. They expect to be supported while 
under training and be put in Government service when the training is finished. 

Dr. Leake’s book should be valuable to administrators in charge of tropical 
areas in various parts of the world, such as Africa, which are being rapidly opened 
up for the cultivation of crops such as cotton, tobacco, cocoa, rubber, tea, etc* 
LG* S. H.] 



CORRESPONDENCE 


VARIABILITY IN THE GINNING PERCENTAGES IN CROSSES OF INDIAN 

COTTONS. 


To 

The Editor, The Agricultural Journal of India, 

Sir, 

Thk explanation suggested by Mr. Kottur,^ for the occurrence of variation 
in the ginning percentages in one of the series of figures of Fg given in Table 1 of 
my note on Variability in the ginning percentages in crosses of Indian cottons 
appears to be based on the assumption that the ginning percentage like other 
allelomorphic characters is a simple unit character, and that its variations could 
be accounted for by an interpretiition of results after ordinary laws of inheritance. 
On the other hand, the ginning percentage is found to be a very complex figure 
determined by so many independently variable factors, which contribute to the 
ultimate product known as ginning percentage, which is a symbol only indicating 
a particular phase of variation in the proportion of lint to seed in the un-giimed 
cotton. To assume that all the component factors of the ginning percentage uni- 
formly vary in their successive generations, and therefore are within the range 
of interpretation like other definitely defined characters, is more than what can 
be warranted by our present information on the subject. 

Mr. Kottur suggests that the gradual increase by selection in a low giiming 
strain ‘‘ can only be explained ’’ by natural crossing, fn Table 111 of the same 
note we find that a cross whose parents were 32 and 45, gave offsprings ginning 
24 and 47, indicating that the range of variation can exceed both ways, The number 
of causes which influence the modification of the factors composing the ginning 
percentage and the extent of their operation severally on the component elements, 
are matters which are still obscure. Mr. Kottur's explanation, therefore, could 
be one of the many possibilities, had we not met with the values falling lower than 
those of both the parents in another set of figures given in the same note. The 
ginning figures in later generations appear to be spreading beyond the range of 
their parental values, and either of such extremes, if isolated and taken further by 
selection, are knowm to produce better results on an average. Whether they are 


^ Agri, Jmir, India, VoJ. XXII, Pt. ], p. 70. 

® Agri, Jour, India, Vol, XXll, Pt. 1, pp. 23—29. 
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•due to the causes unknown at present or to an intrusion of foreign influences 
^alone, as Mr. Kottur suggests, is more than what could be definitely affirmed at this 
stage. The object of the note under reference was to place on record a description 
of the variations found, rather than an explanation of the causes, which are still 
under investigation. 

Yours faithfully, 

Rama Prasada, 

Asstt. Economic Botanist to Government, 

United Provinces {Working on Colton)^ 



NEW BOOKS. 


On Agriculture and Allied Subjects. 

1. The Evolution and Classification of Soils, by the late Dr. E. Raman. Translated 

by G. L. Whittles, M.A., Ph.D. (Cantab.), Cambridge ; W. Heffer and Sons 
Ltd. 7/6 net. 

2. Soil Culture and Modern Farm Methods (Fourth Edition), by Dr. W. E. Taylor, 

Deere Company, Moline, Illinois, IJ.S.A. 

3.. Imperial Agricultural Research Conference, 1927 : Report and Summary of 
Proceedings published by His Majesty’s Stationery Office, London. Price 
Is, (with postage Is. 6d.). 

i. Rural Education in England and the Punjab, by R. Sanderson, M.A., I.E.S., 
and J. E. Parkinson, M.A., I.E.S. (Education, India : Occasional Report-s 
No. 15). Calcutta : Government of India Central Publication Branch. 
Price, As. 12 or Is, 3d, 

The following publications have been issued by the Imperial Department of 
Agriculture in India since our last issue : — 

Memoirs. 

1. Studies in the shedding of Mango Flowers and Fruits, Part I, by P. B. Wagle, 

M.Ag., (Botanical Series, Vol. XV, No. 8). Price, As. 11 or 1^'. 3d. 

2. The Composition of Indian Rain and Dew, by J. Walter Leather, Ph.D. 

(Reprinted). (Chemical Series, Vol.^l, No. 1). Price, As. 5 or Qd, 

3. The Composition of the Oilseeds of India, by J. Walter Leather, Ph.D. 

(Reprinted). (Chemical Series, Vol. I, No. 2). Price, As. 12 or Is. 3d. 

4. Some Digestibility Trials on Indian Feeding Stuffs, III : Some Punjab Hays, 

by P. E. Lander, M.A., D.Sc., A.I.C. and Pandit Lai Chand Dharmani, 
L.Ag., B.Sc. (Ag.). (Chemical Memoir, Vol. IX, No. 7). Price, As. 5 or 
6d. 

6. The Determination of the Electrical ConductiWty of the Aqueous Extract of 
Soil as a rapid means of detecting its probable fertility, by Ashutosh Sen. 
(Chemical Series, Vol. IX, No. 8). Price, As. 4 or ixl. 

•6. Studies on Platyedra gossypiella Saunde/s (Pink Bollworm) in the Punjab, by 
Sohan Singh Bindra, M.Sc. (Entomological Scries, Vol. X, No. 6). Price, 
Re. 1-4 or 2^. 3d, 


Bulletins. 

7. A comparative study of the methods of preparation of the soil for the mechani- 
cal analysis with a note on the Pippette method, by Amarnath Puri, Ph.D* 
and B. M. Amin, B.A. (Bulletin No. 175). Price, As. 4 or 5(Z. 

Root-rot and Sclerotial Diseases of Wheat, by L. S. Subramanium. (Bulletin 
No. 177). Price, As. 4 or 6d. 
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NOTES MADE ON A TOOK IN EGYPT. 

«Y 

Sib THOMAS MIDDLETON, K.E.E., O.B., 

H. G. CALVERT, C.I.E., I.O.S., 

AND 

N. GANGULEE, Ph.D., B.Sc. 

Members of the, Roi/al Commission on Agriculture in India. 

(Coucludod from Vol. XXII I, Ft. V.) 

Irrigation. 

Some of the main features of Egyptian irrigation were explained to us b\ officers 
of the Public Works Department. We visited the Hydrological Section of the 
Ministry at Cairo, which is concerned with tln^ measurement of the flow of water in 
tin; Nile, and the making of forecasts for the information of irrigation engineers. 
A large number of depth guages have been established in thti Nile throughout thxi 
Sudan, and at these points the rate of flow of the current is determined by specially 
(‘onstnicted meters which register the rate automatically. At any one cross-section 
of the river the rate of current is measured at 25 points ; the exact position of the 
jiK^ter in the river is determined by angular measurement. As a check on this 
method of estimating the volume of water carried by the river, direct measurements 
have been made in a large tank constructed at th(5 Assouan Dam, and the results 
given by the meters and direct measurement have proved to be almost identical. 
TIkj amount of water carried by the Nile down stream from the Assouan Dam vari(‘S 
from about 760 cubic metres per second in the dry months, March, April and May, 
to 8,000 cubic metres in September.* The averagii flow for the year is 2,G80 cubic 
nu‘tre8. After the month of December very accurate forecasts of the i)robabl('. 
flow of the Nile until the following May^ can be j)repared. 

The Meteorological Service of Egypt forms a section of tlie Ministry of Pul)lic 
Works. It has a meteorological observing station of the first order at Hclowan, 
10 ‘ second order ’ stations, and a number of ' third order ’ observation stations. 
A daily weather report and other meteorological publications of the usual type arc 
prepared in this ofiSce. 

* This is roughly 250,000 cusocs, or one-fourth of the volume carried by the flooded Indus. 
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Having seen the methods adopted in measuring the Nile flow, we went by river 
steamer to see the Delta barrage erected at the point where the Nile bifurcates 
into the Rosetta and Damietta branches. This barrage, from which six large canals 
take off, regulates the flow of water over the entire Delta. At Assyut, 400 kilo- 
metres south of Cairo, there is a second barrage which controls summer and low 
flood water and commands the Ibrahimiya Canal, the main canal irrigating the 
western side of the Nile valley above Cairo, and also supplying water to the Faiyum. 
A third Nile barrage is located at Isna, 170 kilometres north of the Assouan Dam. 

Besides the canals originating at the barrages, there ari^ in Egypt, a number of 
canals taking off direct from the river and feeding the basin systems of irrigation 
both east and w^est of the Nile. Basin irrigation was the ancient irrigational method 
of Egypt, but it is now rapidly })eing replaced by tlu) pereimial flow system. There 
are, however, about 1,200,000 feddans still under basin irrigation. Basins, which 
may be many square miles in area, are bounded by embankments ; the cultivators 
holding land within the basin are notified that on a given date wntcr will be let in, 
and that the crops then on the land arc there at their risk ; they are not always 
able to harvest all their crops before flooding starts, and cotton, etc., may sometimes 
be seen in flooded tracts. After flooding, the land remains under water for a month 
or two and when the Nile has fallen, it is drained and sowui witli winter crops. As a 
rule, basin irrigated land c^an grow but one crop in the year ; but by means of water 
lifts, a good deal of it is watered early in the season and two crops ar<i then secured. 

At the delta barrage the Irrigation Department maintains an exx)erimental 
station ; tanks are provided in wdiich the flow of water through sluices and channels 
can be studied experinuntally. Investigations are now" in progress with the view 
of devising suitable moduhis. By one ingenious device, recently invented, any 
given volume of water desir(‘d can be delivered into a canal with accuracy. There 
is a museum containing models of structures and devices connected with Nile irriga- 
tion, in which reproductions of the Assouan Dam and other important irrigation 
works may be examined. 


OamNANCE Survey. 

Much attention is given to the survey of Egypt, as it provides a basis for land 
taxation. The department is a large one, and is well equipped for its work. At the 
time of our visit, it was occu})ied in a special cotton survey. As above noted, an 
Act has recently been passed restricting the area under cotton to one-third of the 
total cultivated area. Returns are collected from village headmen and, where 
there is any suspicion that these returns are incorrect, or that the area exceeds the 
amount allowed by law", the survey makes special measurements. In only a small 
percentage of cases were such special surveys held to be necessary. The cost of 
administering this law must, however, be considerable. 

A new atlas of Egypt is now being prepared and we had an opportunity of 
inspecting some fine colour printing in interesting special maps. The photographic 
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department attached to the survey includes in its work the production of Egyptian 
postage stamps. 


Guimeza Experimental Farm. 

After seeing the offices of the Ministry and the institutions located at Cairo, we 
visited one of its chief experimental farms situated near Tanta in the Delta. The 
main objects of this farm are : (1) to grow, on a considerable scale, tlic new varieties 
of cotton raised by the Botanical Department of the Ministry at their laboratories 
in Giza ; (2) to conduct manurial and other experiments ; (3) to improve breeds of 
livestock. The farm is a large one of nearly 1,40b acres ; it employs in all about 
350 labourers and has 140 working animals, mostly oxen. The soil is of three 
qualities : heavy, light and medium loam. It has been carefully reclaimed and 
levelled and the whole property is in a high state of cultivation. The crops which 
we saw growing were remarkably fine. The chief kinds of seed sold from the farm 
are wheat, cotton and maize. Of wheat the quantity may vary from about 250 to 
700 ardebs of 150 kilos, cotton from 500 to 700 ardebs of 120 kilos, and maize from 
300 to 500 ardebs of 140 kilos. Especial attention is concentrated on the seed of 
cottoji ; the cro{)s are carefully rogued and the produce is picked over by children, 
to (uisure that damaged and imperfect seeds are excluded. 

The field experiments bear on such subjects as varieties of cotton and other 
crops, the best time for applying water, and the effects of manures. The soil being 
rich, the effects of manure are not marktd, but the influence of varying the water 
supply, and changing the date of application, was readily seen on the growing crop. 
The experimental plots are laid down very (airefully in checkerboard fashion ; the 
usual size of plot is about one-tenth feddan. These plots are repeated up to six 
times. In the ease of cotton the seed is deposited on ridges 35 centimetres between 
the plants and about 80 centimetres between the rows. As on the other farms 
in the delta, great attention is given to the levelling of the land ; it is partly levelled 
under water, and partly wlien dry. The implements employed on the farm are 
nearly all of the indigenous type. Occasionally a tractor with one-way iron plough 
is used ; nearly all the work is done by the wooden plough much resembbng the 
Indian imjilement except that the share is 8})oon shaped, as it works in soft soil 
which does not require a sharp j)oint. Attention has been given to the possibility 
of improving the implemeiits, but we w<*re informed that the representative of an 
English manufacturer, who had visited the country and spent some time in examining 
the work of the native plough, had expressed the opinion that he could not improve 
upon it (no doubt at the price at which the competing implement would have to be 
sold in Egypt) and this view seems to be concurred in by those in charge of the farm. 
The most interesting implement we saw was a small thresher fitted with three to 
four discs like those of the disc harrow or plough, but not so sharp. This is pulled 
round the threshing floor and both beat out the grain and crushes the straw. It 
has been used from time immemorial in Egypt. For levelling land under water a 
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12 to 14 foot plank similar to the implement used for levelling land in India is 
employed, but it has got a steel or iron plate fixed in front and is furnished with 
a handle like the plough. For levelling dry land, a small wooden scoop about 2 ft. 
0 in. wide is the standard implement employed. All the implements were very 
simple, but they did their work thoroughly well ; the land was uniformly well culti- 
vated and remarkably free from weeds. 

In the breeding section the main animals kept belonged to two breeds : the 
Belladi, or ordinary Egyptian, and the Damietta. There are about 60 cows of the 
iorrner breed and 20 of the latter. The Damietta breed differs from the Egyptian 
in being smaller, usually rather lighter in colour (the colour is that of the South 
Devon breed) and in giving much more milk. It appears to have originated in the 
neighbourhood round Port Said after the opening of the Suez Canal ; a demand for 
milk then arose in this quarter and cows were selected for their milking quality. 
The ordinary Egyptian breed is essentially a draught breed ; the frame is long and 
carries no superfluous flesh, the tailhead is abnormally high as compared with Euro- 
f)ean or Indian cattle. This high tailhead is liked by the Egyptians. The usual 
colour is red or light red, but occasionally spotted animals are seen. In general the 
cattle may be described as good draught animals, active and hardy. We saw many 
fewer of them than we should have liked, but from the information given us. it would 
H(*e.iu that the Egyptian fellah treats his cattle better than tlie Indian cultivator. 
At no period of the year are they subjected to prolonged starvation ; the Egyptian 
fellah does not keep a single useless animal, and the total number of catthi in the 
country is no more than is absolutely necessary for the cultivation of the land. The 
cattle are much less seen on the roads in carts than in India, since much of the trans- 
port is done by donkeys. 


The State Domains. 

These extensive properties, of w^hich the headquarters are in Cairo, and the 
c’.entral offices of the land farmed are at Sakha in the centre of the Delta, play an 
important part in the improvement of Eg}q>tian agriculture, as the whole area avail- 
able for cotton growing is devoted to the produc-tion of pure seed for distribution. 
When Egypt got into financial difficulties, the ruling family ceded about 425,000 
feddans of land to the State as a guarantee for a loan of £8,600,000 advanced by 
Messrs. Rothschild in 1878. A mixed Conmiission was appointed to control this 
area. Gradually the debt was extinguished, and in 1913, part of the land having 
in the meantime been sold, an area of about 140,000 feddans was handed back to 
the Egyptian Government, who established a State Domains Administration to 
control it and other State lands. This administration now has under its charge 
about 1,600,000 feddans, in addition to town property ; but most of this land is 
still unreclaimed. The total area of reclaimed land is about 66,000 feddans, and 
of this area some 36,000 acres are farmed directly by the Administration under the 
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charge of resident inspectors. The Domains are split up into blocks of from 8 to 
10,000 feddans, each under the charge of an inspector. We drove over a largo part 
of two of these blocks, or Teftishes ; they* consisted of a very highly farmed tract 
of land, of a quality that must be rare in any countries. The blocks are divided 
into estates of 1,000 to 1,500 feddans under the charge of a sub-inspector who is 
assisted by an accounts clerk and bailiffs. The farms are divided into great fields 
of from 100 to 120 feddans. These fields are surrounded by earth roads which in 
the Egyptian climate are easily maintained ; on one side of the road is an iirigation 
channel, on the other side a drain. All reclaimed land has been perfectly levelled 
and the crops growing on them were as uniform in quality as one usually sees on 
a garden patch of a few acres. This result was accomplished, in the case of cotton, 
not only by tillage of a very high order, but by a careful system of biiUc seed selec- 
tion. Wliile the State farm at Guimeza undertakes the task of growing new varie- 
ties of cotton and testing them thoroughly, the State Domains yVdniinistratlon have 
made it their business to supply in large quantities pure strains of seed of the best 
variety. Generally in the Delta in recent years Sakellarides has been the variety/ 
selected. The pure seed is consigned to the Ministry who distribute it throughout 
the country. Some time ago a stock of the best Sakel seed available was secured ; 
on growing it was found to be very mixed ; it was careiully rogued until approxi- 
mately pure, and its quality is now maintained by the following process of bulk 
selection, introduced by Mr. .Jeffreys, a former manager of the Domains. When 
the first cotton is ripening, groups of children, who have been carefully trained, arii 
sent out with orders to pick cotton of a certain colour and type. They become 
exi)eTt at the work, and the result is that seed of the desired type of Sake! is scicurod. 
This picked seed is next ginned ; the seeds are then carefully inspected and all those 
which show no fuzz are picked out ; for it has been discovered that naked seeds of 
Sakel do not produce lint of a good typ(\ The selected seed, known as ‘X ' seed, 
is used for stock purposes ; it is sown on some of the best fields on the estate. Part 
of the produce is again selected for growing stock seed marked as ‘X' and treated 
in the same w^ay. The balance is sown on some of the best farms and is known 
as ‘ S ’ seed. In the second year the ‘ S ' seed is sown all over the estate, and pro- 
vides a large supply of seed known as ‘ A ’ seed which is handed over to the Minis- 
try for general distribution. In 1925 about 14,000 ardebs of 120 lb, of ‘ A ’ seed 
were provided in this way for the Ministry. 

While work on a large scale has hitherto been confined to the Sakel seed, certain 
of the newer types are now being tested on the Domains with a view to distribu- 
tion. In future the organization planned for supplying good seed to cultivators 
consists of (1) selection and isolation of small quantities from varieties raised at 
the technical laboratories’ experimental grounds, Cairo ; (2) the testing of these new 
varieties on the Ministry’s large farms at Guimeza ; and (3) the growing on of the 
best sorts on the farms of the State Domains Administration for general distribu- 
tiioi^. 
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The amount of pure seed produced on the State Domains is at present not enough 
for the requirements of the Ministry, and a considerable quantity of the seed dis- 
tributed by it is ])urchased from ginneries. Purc.hases are made by a committee 
of the Ministry who takt^ every precaution to secure purity. At the present time the 
Ministry is distrilmting fr(mi 17,000 to 18,000 tons of seed annually, of which about 
one-third has been grown under Government control either on the State Domains, 
or on the Helds of selected cultivators ; the remaining two-thirds is purchased from 
ginneries. 

The State Domains do not engage in cattle-breeding for sale, but breed and 
maintain a good quality of ordinary Egyptain cattle for their own purposes. They 
employ about 20 head of oxen per 100 feddans of cotton land. More animals are 
required during the cotton cultivation season than at other times of the year and in 
winter 14 head per 100 feddans of cotton land would suffice. There is now under 
consideration the possibility of reducing the cattle stock and substituting cultiva- 
tion by tractors, l>ut so far there has been little resort to mechanical cultivation. 

The ordinary rotations adopted throughout the Egyptian Delta are : (1) a rota- 
tion covering 3 years commonly adopted on the State Domains, and (2) a 2-year 
rotation. The 3 years rotation represents a very intensive type of cultivation ; 
beginning about November 1st, the arrangement of the crops is as follows : — 

1st Year — 

Crop 1, — Wheat sown in October or November and harvested in the following 
May or June. The wheat stubble may not be watered until the 
flood season comes usually in the first week of August. Special 
permission may sometimes be got for earber watering. 

Crop 2, — After watering and ploughing, maize is sown which ripens in 
November. 

2nd Year . — 

Crop 3. — Berseem is sown as a catch crop in November and in January is 
ploughed in, in preparation for cotton. 

Crop 4. — Cotton is sown in March and when the harvest is over, it is pulled 
out after watering the land in October or November. 

3rd Year . — 

Crop 5. — Just before the cotton is pulled out, or sometimes afterwards, 
berseem is sown broad-cast. Occasionally, the berseem may be sown 
earlier immediately after the first picking of cotton has been completed. 
When the cotton has been pulled, the berseem grows and is used as 
fodder until May or June. 

Crop 6 . — At this stage three things may happen : (a) if the land is rich, maize 
may be sown to be harvested in November ; (6) the land may be 
fallowed and wheat sown in the following autumn ; (c) if the land 
is salt, it requires washing ; that is, when the floods come in August 
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it is laid under water and remains flooded until October, when it is 
dried in prepartion for wheat sowing. The three-year rotation then 
begins again. 

The two-year rotation is less complex ; it consists of berseem-cottoji-wheat or 
barley-maize. About November 1st, when year starts, half the land will be under 
herseem to be followed in March by cotton. The remaining half will be under wheat 
or barley to be followed by maize on not more than a quarter of the whole area ; 
the rest is fallowed. Or sometimes rice is grown on the quarter section not occupied 
by maize, as a land reclamation crop. 

In Egypt reclamation consists essentially of levelling and washing the land. 
Where salt is abundant, land must be washed at intervals of a few years. When 
this process is necessary, it is customary to grow rice, for it is found that rice is not 
much affected by salt, and the heavy soaking given to the rice crop washes the land. 
Rice straw does not seem to be used as a fodder ; the ordinary fodders are berseem, 
wheat and barley straw. The crop usually grown to provide concentrated food for 
livestocks is beans (Faba). 

At Sakha, the central teftish of the Domains, all farmyard manure produced is 
used for cotton, but most cultivators apply this manure to maize. Maize is regarded 
as an exhausting crop, and at Sakha it is not favoured as a preparation for cotton, 
although many cultivators do grow cotton after maize. Artificial manures (almost 
exclusively nitrogenous) are used for wheat and barley. Wheat may get 50 to 
100 kilos of nitrate of soda per feddan, barley 75 kilos. Aitificial manures are little 
used for cotton in Lower Egypt, but in Upper ligypt nitrogenous dressings for 
cotton are common. Occasionally, the berseem croj) gets an a])plication of 
phosphates. 

Good land on the State Domains would be expected to produce about the fol- 
lowing quantities of crop per feddan : wheat 5 to 6 ardebs of 150 kilos, barley 8 ardebs 
of 120 kilos ; maize 12 ardebs of 120 kilos ; rice 8 to 15 ardebs of 120 kilos ; coUo7i 
4 to 6 kantars (a grower thinliS of a kantar as 315 lb. of seed cotton ; a merchant 
defines it as 100 lb. of lint.) ; beans 4 to 5 ardebs of 155 kilos. Wheat straw yields 
about IJ tons, barley straw tons, and berseem hay three quarters to ] ton per 
feddan. Berseem makes about 2 tons of ensilage. 

While the fertility of the soil of Egypt and the excellence of its crops must appeal 
to any visitor, the most noteworthy feature of its agriculture is the concentration 
of energy of all those responsible for the improvement of Egyptian agriculture on 
the cotton crop. The reason for this is obvious : while rural Egypt may be described 
as depending on the Nile, the wealth of urban Egypt, so obvious in Cairo and 
Alexandria, depends on cotton, and on the high rents which the recent prices of 
cotton have enabled Eg 3 rptian land to pay. Egj^ptian cotton is a very different 
product from that found in India ; the quality is exceedingly high and whereas in 
India there are many species contributing to the crop, in Egypt all the cultivated 
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varieties would appear to belong to one closely related type. It is indeed remarkable 
that in the case of a plant presenting so few morphological departures from a single 
type, results so striking have followed on the work of the plant breeder and selector. 
Egyptian experience) is an indication of the scope of the field for effort that awaits 
those who attempt the improvement of Indian cottons. The existing types of cotton 
in cultivation in Egypt are all of comparatively recent origin ; and there is a consi- 
derable list of strains now competing for favour. At least eight types are being 
cultivated to some extent in the country, but for practical purposes there are only 
two or at most three cottons at present of importance, namely, Sakellarides 
grown in the Delta and Ashmouni (and the related Zagora) cottons of Upper Egypt. 
The former occupied 55 per cent, of the area under cotton in Egypt in 1926, and the 
two latter 37 per cent. A new variety of much promise called Maarad is now being 
introduced by the Royal Agricultural Society ; it comes from Pima cotton now grown 
in Arizona, but originally derived from Egypt. There is no indication that any 
cotton of foreign origin has been introduced and become popular in Egypt for over 
a century. 

El Faiyum. 

With the object of showing us an ]?gyptian Province which differs in many res- 
pects from the others, a whole day excursion to El Faiyum was arranged. Leaving 
Cairo by train, we trave.lh'd to Beni Souef, passing through a rich tract of Upper 
Egypt. In i)art8 of this tract date palms were cultivated in quantity and the scenery 
recalled the Mahim District of Bombay. But for the most part the plain was tree- 
less and covered with the usual maize, cotton and vegetable crops. It may be noted 
that the vegetables growing near Cairo, in early October, included chillies, brinjals, 
cabbages of various sorts, tomatoes and lettuce. Along the canal banks cultiva- 
tors were everywhere watering their crops by means of the Archimedian screw, 
which is used when low lifts only are necessary. This screw is now being turned 
by bullocks or buffaloes pulling on a wheel to which the screw is geared. 

Leaving Beni Souef, we crossed the narrow strip of desert country which separates 
the Nile valley from the Faiyum. The cultivated area of the Nile valley and of the 
Faipira is here connected by a narrow cultivated strip alongside the canal. The 
Faiyum forms a shallow basin-shaped depression in the Lybian desert. In ancient 
times the flooded Nile used to escape into this basin, but the whole water supply is 
now controlled and depends on the above mentioned Ibrahimiya Canal. As com- 
pared with the Nile valley, the surface of the Faiyum is remarkably undulating. 
At points the elevation is 42 metres or more above sea level. (The level of the Nile 
valley at Beni Souef is from 27 to 28 metres.) In other places the levels in the 
Faiyum fall to a metro or less. Because of the rapid changes in level, water lifts are. 
in frequent use, and here we saw ancient specimens of the Persian wheel at work. 
We were told that they are not found in other parts of Egypt. As elsewhere a 
complete drainage system accompanied the irrigation channels, apd the water which 
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flows in from the Nile ultimately flows off into a large lake, Lake Quarun, about 
30 miles long and 6 miles broad, which occupies the north-west comer of the basin. 
The whole region is thickly populated ; the area of the Province is 413,000 feddans 
and the population 007,000. Because of the undulating surface, the land varied 
more in quality than is usual in Egypt, but on the whole it was thick and intensively 
cultivated. The sites of some of the villages were thickly planted with date palms ; 
there were enclosed gardens and fields and the general aspect was one of prosperity ; 
but we were informed that the cultivators of this region although skilful and indus- 
trious were poorer than in the Nile valley. The subsoil of the Faiyum consists 
of a porous limestone, w^hich here and there had been eroded into narrow and pic- 
turesque gorges. Nowhere were these of great size, but in the usually flat Eg)rptian 
landscape these wadys were very picturesque. 


Keclamation of land. 

A visit to the Aboxikir Land Company was interesting as showing us the methods 
adopted in Egyptian reclamation. These methods consist essentially of watering 
the land freely and providing a good system of drainage so that the salt is washed 
out of the surface soil. The process has long been known in Egypt and, under the 
guidance of engineers, land reclamation companies and others interested in land 
management, have reduced the washing and drainage processes to a fine art. The 
irrigation and drainage channels are laid out with great care so as both to cconomisi^ 
la))Our in construction and to produce their effects thoroughly, and the amount of 
washing that is required to keep each section of the land free from salt has been 
determined with accuracy. The Aboukir Land Company was one of the pioneers 
of modern reclamation and at first had a very up-hill task, but now apparently the 
company is in flourishing circumstances. Its policy is to sell off land as soon as 
the soil has been thoroughly reclaimed, and of some 30,000 acres acquired by the 
company only 7,000 now remains in its possession. It is of interest to note that the 
first manager of this company was an Indian tea planter. The director’s house 
is, in fact, a reproduction of an Indian bungalow and some of the methods adopted 
in engaging and managing labour followed Indian models. At one time the company 
were themselves responsible for pumping the drainage water from their estate, but 
recently a large pumping station has been erected by the Egjqjtian Government 
which drains the water from this estate and the surrounding districts. There are 
at this station six 130 H. P. Diesel engines and six centrifugal pumps, each of them 
lifting from 2*6 to 2*9 cubic metres per second through a height of 4 metres. 

Cotton marketing. 

When in Alexandria we called at the offices of Messrs. Caryer, who are large 
exporters of cotton. From them we ascertained that the destination of Egyptian 
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cotton has not changed much since hefore the War. There is a tendency for Con- 
tinental Europe to take a somewhat higher percentage of the crop than previously, 
but it is not marked. Messrs. Carver buy much of their cotton direct from culti- 
vators through salaried agents, but they also buy extensively from small dealers. 
There may be several of these smaller dealers intervening between Messrs. Carver’s 
agents and the fellaheen. In view of the representations made to us as to cotton 
dealing in India, we questioned Messrs. Carver with the object of ascertaining whether 
complaints made by the fellaheen of the action of small dealers, weighmen and 
others who handle cotton were numerous. Apparently such complaints are less 
common than in India. Complaints had been made in the past, especially of 
fraudulent weighing, and as a result the Government have introduced what are 
known as cotton halaqas or markets at twenty-four important centres in Lower 
Egypt and twelve in Upper Egyjit. The object of the halaqa is to protect the 
fellah from fraud ; they are enclosed markets conveniently situated on the principal 
agricultural roads and are under official control. In charge of each of the larger 
halaqas there is an official weigher and a gate-keeper. In the smaller markets the 
official weigher is in sole charge. Each morning a telegram received from Alexandria, 
giving the opening price of cotton there, is posted in the market, and should any 
important change in price take place during the day, a second telegram is posted. 
Cotton merchants can hire offices or stands in the halaqas, as can also the qabbani, 
the equivalent of the Indian adatiya. Any qabbani convicted of fraudulent weighing 
or dealing has his license cancelled. 

Stringent laws exist against mixing of strains before cotton is ginned. The 
damping of cotton is regularly practised. In the Sudan cotton must be damped 
before ginning, and in Lower Egyi)t it may also be necessary in hot dry weather 
to damp the cotton slightly before it is pressed. We saw the damping process 
in progress at one ginnery ; the bales were sprinkled from an ordinary garden syringe, 
the amount of water added would have a negligible effect on the weight, and w^e came 
to the conclusion that the object of damping in Egypt was not to secure the benefit 
of the extra weight of water, but to bring the fibre into a condition in which it could 
safely be heavily pressed. 

Although Alexandrian merchants maintain that no serious amount of watering 
goes on in Egypt, the watering of Egyptian cotton is a frequent source of complaint 
by buyers on behalf of European spinners. In their view cotton should not contain 
more than per cent, of moisture, whereas occasionally as much as 12 to 14 per 
cent, has been detected in bales. Messrs. Carver’s opinion is that cotton requires 
from about 8^ to 9| per cent, of moisture for pressing, and apparently this repre- 
sents the general views of Alexandrian merchants. The merchants’ associations 
ask dissatisfied spinners to furnish them with specific cases of over-watering, and 
state that if these were brought to their notice, everything possible would be done 
to check excessive watering on the part of exporters. With reference to the heating 
of cotton seed to kill pink boUworm, we were informed in Alexandria that it cost 
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more to treat the seed than it did to gin the cotton. This statement was not subs- 
tantiated by a cotton ginner in the Delta ; the opinion was exjTcssed that the cost 
of ginning was not a heavy charge and that in fact no large ginning factory need 
have any difficulty in complying with the Government’s requirements. We were 
unable to get any figures showing the cost of this method of treating seed. The 
subject may become of importance in India in view of the ravages of the pink boll 
weevil in the United Provinces and the Punjab. Experiments in heating the seed 
are now in progress both at Cawnpore and at Lyallpur. 
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It is now some 6 years since the original Co. canes — Co. 214, Co. 210 and Co. 
213 — were selected, tested and distributed to growers in North Bihar by the Sugar 
Bureau and in the interim with the exception of the distribution of Co. 205 as a 
cane for special conditions, these canes have been allowed to find their own level 
among growers and it has been possible by carefully noting the results over a 
mimber of years to check out and correlate the exact type of cane which is 
required in the tract. 

The position in North Bihar is probably unique in cane growing countries. Such 
are the climatic and rainfall conditions that it is possible to have a couple of years 
in which it would he perfectly feasible to grow tropical caries and grow them satis* 
factorily. But such a couple of seasons might be followed by a year in which Co. 
205, which is the hardiest of canes, would alone do really well and all the tropical 
canes would fail entirely, while after this might come a less noticeable variation 
over a period of years in which Co. 210 and Co. 213 would alternately prove the 
better suited to the prevailing conditions. Such climatic variations make the 
selection of a standard cane a matter of very great difficulty, and as in the present 
state of the industry it is essential to secure a large and regular cane tonnage for 
both mills and growers, the writer considers that the time has come to review 
carefully the present position and see in what directions we can safely advance and 
where, in the light of the experience we have gathered, it will be necessary to retreat 
slightly in order to consolidate the position. At present we have a rainfall of 46 
inches spread over 4 months during which it is by no means regularly distributed. 
It may come late and cease early. It may come early and cease late or come early 
and cease early, all the variations in the rainfall affecting the growth and ripening 
of the cane in proportion. We are therefore forced in selecting a cane to take into 
consideration all these extremes in rainfall coupled with the fact that the cane 
must be able to keep itself alive, if necessary, through the three hottest months of 
the year, which can pass without any rainfall, and then immediately the rains 
break, come away and grow at a record speed to ripen in November with a decent 
tonnage. It will thus be seen that a standard cane is almost impossible and it is 
necessary to have a selection of canes to suit the variation of the seasons and^ ip. 

( 424 ) 
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short, the grower must never pin his faith to one type of cane alone. Four types 
of cane are now being grown. 

Co. 214, an early ripener with high sucrose and low tonnage, very hardy, essen- 
tially a mill cane and as such not in favour with free growers. 

Co. 210, a medium cane for light lands, a good cane in a short rainfall and an 
excellent ratooner. 

Co. 213, a medium thick cane for good lands with high tonnage in a good rainfall 
year but unable to give full tonnage imless the rainfall is right up to average. 

Co. 206, a hardy cane for bad lands and water-logged areas ; essentially a cane 
for areas where no other cane will grow. 

It will thus be seen that most of the climatic variations have been guarded 
against in giving out these canes and the grower who cultivates all four is almost 
certain of a good crop from two of them whatever the year may be. Now it must 
be realized that so long as mills and growers are independent of each other, there 
can be no settled cane policy. The mill wants sugar, the grower wants tonnage 
and these two points are at present not easily combined in the same cane under 
North Bihat conditions, especially in the direction of early crushing. To obtain 
the extra sugar the mill offers a premium to make up for the smaller tonnage pro- 
duced per acre by the grower if he plants the present type of early ripening cane. 
Now (5arly ripening canes, if the mill can and will take them off’ in early November, 
undoubtedly offer a great advantage to the grower, who can get bis land cleared 
and resown for rabi and this to some extent does compensate for tonnage 
losses, but on the other hand the position of the grower who has relied on this fact 
and yet finds the mill delaying its opening is parlous. 

But the mill has also perfectly definite reasons for such delay. No mill is going 
to start in early November to crush a few thousand maunds of Co. 214 or a similar 
early ripening cane and then be forced either to close down or continue its run on 
unripe cane of another variety until the later ripening canes are ready owing to a 
lack of supplies of early cane. This means a dead loss to the mill. It is thus clear 
that under present conditions early starting and the growing of early ripening canes 
arc linked together, and that unless the growers each do their share towards putting 
down or guaranteeing a small area of early cane, no mill can or will open early. 
Unless we have early opening, no advantage fro7n the grower's point of vieiv is to be 
found m growing Co, 214 or any smiilar low tonnage early cane. Should the mill 
possess sufficient land of its own to enable it to grow early cane for November crush- 
ing, well and good — failing that, it is forced back on to premiums and other unsatis- 
factory methods of ensuring a supply. 

This question of supply is a vital one. The longer season a mill can work, the 
lower the overhead charges will be, but the length of the actual working season 
is considerably affected by two factors : — 

1. The percentage of sugar in the cane. 

2. The percentage of sugar the mill obt^s. 
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That is to say, no mill can work at a profit on normal sugar prices if it is hot 
extracting a certain percentage of sugar from the cane and the most efficient mill 
in the world cannot extract sugar which is not present in the cane. Therefore no 
mill is going to start working unless it has a certain percentage of sugar available 
in the cane which it can reasonably expect to extract or is forced to get off a big 
crop under agreement between dates. 

Now assuming that October to June is the longest possible crushing season, 
limited at the end by lack of cane and at the beginining held back by absence of 
sugar, at present with a big crop half November-December-January-February- 
March-April are the milling months covered by the canes Co. 210 and Co. 213 and 
Co. 205 which are the standard mill canes through these months. May and June 
only come in if there is an excess of cane and this working is a source of considerable 
profit to the mill but is not regarded favourably by the grower who sees his cane 
drying on the field and has endless trouble in getting it cut and stripped as the 
tops have often dried off. We have then October and half November to deal with 
and these 6 weeks represent the early crushing season, a period when the grower 
is anxious to supply all the cane possible in order to clear his land and sell his cane 
at its greenest, while the mill hangs back in the case of ordinary canes — waiting 
for the sucrose content and the purity to rise and finally starting on ratoons if no 
early ripening cane is to be had. At present Co. 214 represents the only cane which 
can really be worked at a profit during this period (I am taking an average year 
and not dealing with short rainfall or a protracted monsoon, both of which occur- 
rences affect cane ripening and expedite or delay the mill opening) but does not 
represent a cane which is ever likely to be popular with free growers who are paid 
on a tonnage basis. 

Now there are two ways of obtaining a certain amount of sugar per acre, which 
is the factor the mill looks at and on which payment for cane is based. 

1. By growing a high sucrose cane of comparatively low tonnage. 

2. By growing a lower sucrose cane of higher tonnage. 

The amount of sugar obtained by the mill is the same, but in the first case it 
pays less per acre for its raw material and has to crush less. In the second case, it 
pays more per acre and works more cane. 

To-date we have tried 1 and it has proved a failure and has only been kept alive 
by the payment of a premium. Now it is obvious that, if we can strike a mean 
between 1 and 2, we have every chance of reconciling mill and grower by giving 
the grower a chance to make as mudh money per acre on a tonnage basis as he can 
with the later ripening canes, while the mill gets its sugar and its extended working 
season and pays no actual premium. 

To accomplish such a reconciliation, we must have a high tonnage, good sucrose, 
early ripening cane, and if we can get these three factors combined, other minor 
points will have to be passed over. The independent grower is a free agent and 
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the mill is dependent on the grower and therefore both sides must try and meet 
each other in this matter. 

Payment by sucrose basis is often advocated as a method for getting early 
ripening canes grown. In India, where the majority of small growers are illiterate, 
it is merely a further opportunity for the weighing staff to swindle the grower and, 
pending the arrival of the millennium described as compulsory universal education, 
no steps can be taken to introduce such a system — whatever may be the practice 
in other countries. The position may therefore be summed up as follows : — 

To ensure early opening and a full supply of cane, it is necessary to give the 
grower a tonnage cane ; which the mills demand must be fully forward, say 80 
purity by mid. October. Such a cane is yet to 6nd and my last examination of the 
new canes in the testing plots at Pusa leads me to believe that certain changes will 
be required, as the essentials rerjuired are not to be found in combination in any 
known cane yet, but this is dealt with further on. Leaving aside the question of 
special canes, early and late, for special types of land and conditions, which are an 
outside line of work, we will now come to the main crop. 

Here we have two points to consider : — 

(A) The big tonnage cane which requires a full monsoon to show its best — 

but loses heavily if conditions are unfavourable. 

(B) The medium tonnage cane which can improve in tonnage with favourable 

conditions and does not drop so heavily if rainfall and conditions are 
unfavourable. 

A and B above represent Co. 213 and Co. 210 and from the details I have 
collected in the past few years it is clear that conditions and opinions are changing. 
When the three canes Co. 210, 213 and 214 were first given out in 1923, everyone 
took up Co. 213 and with the exception of a few places (mostly large growers’ 
estates on light land) Co. 210 was not regarded favourably, while Co. 214 was looked 
upon as a clear example of favouritism towards the mill. The ryot went entirely 
for Co. 213 regardless of what class of land he was going to plant as it was the 
heaviest yielder. 

A survey of the position now shows that Co. 210 is steadily and surely consoli- 
dating its position and is gradually working its way into the place formerly occupied 
on certain classes of land by Co. 213. It is the reason for .this change which is 
the important thing to discover, because it must obviously influence future cane 
policy in the tract as Co. 210 and Co. 213 are not by any means canes for similar 
conditions. 

With the grower paid on a tonnage basis, it is evident that tonnage is the acid 
test on which the change has come about. 

Examination of Co. 213, however, does not show — 

(1) That it suffers more from disease or from borer. 

As regards borer attack, no Co. cane in particular can be said to suffer badly, 
though Co. 210 with its up-right flag shows borer attack more distinctly 
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than the other canes, hut the great vitality and growing power of these 
canes enables them to grow past top borer attack to a great extent and 
Co. 213 cannot be said to be inferior to Co. 210 in this respect. 

In the case of mosaic disease, though Co. 213 has slightly more mosaic infec- 
tion than Co. 210 (0*3 and 0*05 per cent, respectively) as found by taking 
7 samples from 7 separate estates, evenly distributed through the cane 
gi’owing area of North Bihar, yet the total amounts are so small that 
no drop in tonnage could be traced to such infection and no differen- 
tiation between the canes on this account could be sustained. 

(2) Any sign of tonnage drop under favourable conditions. 

As regards tonnage, Co. 213 is still an easy 200 mds. ahead of Co. 210 'in a good 
year and as a strong land cane in a good rainfall year, it has capacities 
for tonnage which Co. 210 can never attain to. 

(3) That it is any harder to handle or more troublesome to grow than Co. 210. 

The exhaustive and thorough tests these canes were put through before 

distribution included all these points and the conclusions arrived at 
then still hold good everywhere. 

The reason is a deeper one. Since the distribution of these canes in 1923, the 
monsoon has shown a distinct tendency to lighten. The actual total rainfall for 
the year may appear the same or even show a slight increase, but an increasing 
quantity of this rainfall is received in fractions of an inch and not in the steady 
heavy falls required to grow a big cane. It will thus be seen that it appears as 
if the actual effect of the rainfall was on the light side as compared with past years. 
Now such a happening at once limits the land on which Co. 213 can do really well 
and increases the area on which Co. 210 may be expected to do its best and the 
result is as above. The lighter and more resistant cane is proving the most reliable 
cane over the average of years and it would appear that this fact must be carefully 
l)orne in mind in selecting suitable canes for the tract in the future. 

Such a statement in no way governs areas where the rainfall is heavier or where 
facilities exist for helping the cane along. Such places should always be able to 
maintain a class of .cane in keeping with their conditions. The question to be 
considered is whether they are at present growing a good enough class of cane. 
Similarly, the position in those estates where irrigation is possible requires further 
consideration. To irrigate a cane which can hold its own without irrigation in- 
variably increases the yield — but it is an open question as to whether you are getting 
as full a return for your money as if you were dealing with a cane which had a higher 
sucrose and a lower drought resistant ratio — because it has already been clearly 
shown that the optimum cane requires optimum treatment, and resistance and 
hardiness are not factors which march hand in hand with high sucrose and a low 
fibre ratio — the two essentials of a big sugar producer. 
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The final review therefore shows us that we still lack the essential high tonnage, 
early ripening cane for October-November crushing and that such a cane is not 
yet in sight, while Co. 214, the present cane, is unable to hold its ground with free 
growers unless it receives a premium and is grown in sufficient quantity to give 
the mill a clear run. 

Co. 213 and Co. 210 have both succeeded, but the tendency is to ensure a crop 
by growing Co. 210 on any lands which are affected by short rainfall and thus Co, 
210 is gaining ground from Co. 213 which stilL however, remains the stock cane. 
Co. 205 grows on and has proved an excellent cane for the special conditions it was 
given out for. The mills are therefore assured of a big crop in mid. November- 
December and it is the 6 weeks early crushing which is still to be provided for. 

So much for the agricultural side of the shield. Let us now see what has been 
done on the manufacturing side and how this can assist ub in the solution of the 
agricultural problem. 

When the Sugar Committee toured India in 1920, the average mill eiliciency 
was about 6 per cent, sugar on cane. It is now in the region of 8-5 per cent. Now 
excluding canes like Uba which are a trouble from the crusher to the crystallizer — 
the average cane parts with its juice at the mill and from there may be considered 
similar to all other equally ripe canes in the hands of expert sugar boilers handling 
proper sugar house equipment. All the actual mill is concerned with is the smashing 
up of the fibre of the cane and the extraction of the maximum juice. Modern 
improvements have now produced milling outfits which are simply wasting money 
in crushing canes like? llemja. This sounds a revolutionary statement, but a close 
examination of conditions will show what is meant. It is essential for a mill to obtain 
the maximum amount of cane tonnage it can work to enable it to keep down its 
overhead and increase its efficiency (m the i)ast short cane supply and irregular 
working was responsible for bad figures just as much as bad work), and the low^ tonnage 
of Hemja and similar canes is liable to keijp such a plant working short time and 
thereby increasing overhead charges and preventing the earning of a decent profit. 
It is no exaggeration to say that at least one mill in North Bihar, crushing a big 
crop this year, would have been obliged to close down if it had crushed nothing 
but Hemja. It could not have obtained the necessary tonnage on the aaea fro/n 
which it drew its supplies to enable it to %vork at a profit. On the other hand, if 
a plant has increased its milling efficiency to such a degree that it is able to deal 
equally effectively with higher fibre canes it at once will find itself supplied with 
R big crop of cane willingly grown by free growers with a far greater seasonal range 
than that provided by local low fibre canes. The immediate success of Co. 210 
and Co. 213 is the proof of this. Now good sucrose content, low fibre and heavy 
tonnage are a trio which are found in a good many thick canes but it is a curious 
but none the less existing fact that the higher the sucrose content in non-tropical 
canes, the worse the agricultural performance seems to become, and the higher 
the fibre content as a rule, the stronger grower the cane becomes — but it does not 
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follow that the higher the fibre content becomes^ the lower the su€rose~t]ve sucrose merely 
becomes harder to extract. 

When we take into consideration these factors, we at once see that if hardiness 
and good agricultural habit are linked to high fibre content, it is obvious that any 
really early ripening cane of this class will of necessity have to be a hardy cane of 
high tonnage with only one point against it — high fibre. Without this it cannot 
grow the tonnage xinder unirrigated conditions. This cane, it must be remem- 
bered, has got to grow tonnage and ripen off to a high purity in five months or less, 
besides keeping itself alive on the residual moisture for the preceding 3 months— a 
period during which hardly any noticeable top growth can be made. Such 
demands on an early ripening cane are made by no other cane country in the 
world and this is why the production of such a cane involves such difficulty. It 
must have exceptional vigour or it cannot produce the tonnage in the time, and 
without a high fibre content I do not think we can get the necessary vigour allied 
with the early ripening. Now we have already shown that without tonnage we 
cannot hope to get any early cane grown and it has already been demonstrated 
that in the case of the present fibre ratio of Co. 213, really early ripening and heavy 
tonnage will not conelate. It would therefore appear to be the best solution to 
equip the mills to deal even more effectively with fibre and then proceed along this 
path towards an early ripening heavy tonnage cane. 

In the past we were limited by milling efficiency. Co. 214, which is now dealt 
with by the mills without trouble, required considerable attention when first put 
through, but there is no doubt that the 14 and 17 roller plants now working, if 
equipped with shredders or knives, can deal even more efficiently with a large ton- 
nage of high fibre canes. An expenditure of a given sum on knives or shredders would 
bring in an immediate return, ivhile the same sum would not guarantee a low fibre high 
tonnage early ripening cane. Our general conditions appear to demand a higher 
factor of security on the agricultural side than xvas accepted in 1922, and I consider 
that the improvement in the milling has given us a larger margin for securing this 
factor than any agricultural improvement can in an unirrigated tract. 

Now Co. 214 at present receives a premium of one anna three pies per maund 
to compensate for a tonnage drop on Co. 210 and Co. 213. It also can, if all the 
other factors are favourable, (ixpect to be off the land by the end of November at 
latest and these are the points in favour of the grower. 

Now the mill can get 9*26 per cent, out of this cane with early crushing in a 
sulphitation plant or 9*5 per cent, if worked by a carbonatation factory. This is 
excellent work for the commencement of a season showing almost the season 
average at the start. The sucrose of Co. 214 is .undoubtedly high, and such high 
sucrose is, as is generally recognized, not a factor which goes hand in hand with 
good agricultural habit. 

It therefore becomes obvious that if we turned to a cane with lower sucrose 
and early ripening, out of which the mill could start with say 8 per cent., we might 
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reasonably hope to get a higher tonnage cane, as we should be working with a group 
of seedlings whose lower sucrose content might reasonably be hoped to be bnked 
with a better agricultural performance, the early ripening factor being maintained. 
A 17 roller train with knives would deal eflectively with such a cane, given that 
its fibre was not over 20, while a mill with a shorter train and knives could at least 
expect an improved result. 

Under such circumstances we should then find ourselves in a position far more 
satisfactory for all parties, i.e., with an early ripening cane with which growers 
were satisfied on a tonnage basis and for which mills would pay the basic rate, 
early clearing still standing as an additional advantage to the grower, while the mill 
could reasonably expect to obtain 8 per cent, at a start in a well equipped and 
intelligently operated factory. 

It is therefore a matter for earnest consideration how far the mills arc able and 
willing to assist growers in their areas to grow an improved tonnage, early ripening 
cane. At present, the attempt to link up on these lines has practically failed and as 
a result the mills are likely to lose a good mill cane through the inability of growers 
to face the drop in tonnage so far inevitably linked with a very early ripening cane. 
The remedy is to remove this tonnage drop — ^while preserving the other factors — 
and it appears to me that in this work the mills can assist materially and to a great 
extent simplify the breeding problem by enabling the range of canes to be enlarged. 

The power of the mills to get the best out of any cane has vastly increased since 
first North Bihar started cane on a large scale. The cane side of the industry has 
also made a big advance and the combination of the two has produced a successful 
sugar industry. We are now factid with a problem where both sides must unite 
to solve the difficulty. The grower must realize that to some degree he has got 
to meet the mills over this combination of premium and tonnage and that it is 
useless asking for the impossible because closure of the mills will be equally harmfid 
to him as an agriculturist, while the mills must do their utmost to increase their 
efficiency to enable them to deal effectively with the class of cane which climatic 
conditions force upon the growers. It is no use either side looking to other countries 
for help. The conditions which have produced this problem are pecuhar to India 
and its solution has to be worked out here. The result will be to the benefit of 
all concerned and will be another step on the ladder towards making North Bihar 
a real sugar tract. 



TUBE WELLS AND AGRICULTURE. 


BY 

S. LEGGETT, MJ.C.E., 

Superintendent^ Central Workshops, P. W. D., Amritsar, Punjab, 
{Concluded from Vol, XXIIl, Pt, 5.) 


The open circular well lined with brick or stone is familiar to everyone. Fig. 1 
shows the type in common use all over India. Such wells vary from 10 to 15 feet 
in diameter , the foot or base is carried down until a stratum of water yielding sand 
is encountered. Sound judgment and knowledge of the locality are necessary before 
an attempt to find water is made ; should a suitable sand stratum not be struck 
within a depth of 20 feet below spring level, the expense of further sinking becomes 
prohibitive. 

Open wells for irrigation exist in thousands ; some of them are very old and 
deep, as much as 60 feet from ground to water level. Wherever open wells are in 
service, there tube wells also will prove a success. We may make use of the know- 
ledge acquired by trial and error years ago to guide us at the present day. 

There is, however one fundamental difference between the open well and the 
tube well : the open well admits water only through the porous sand exposed at its 
base ; the tube well, on the contrary, has its base blanked off and water is taken 
in through its cylindrical outer surface (compare Fig. 1 and Fig. 3). 

The effect of this difference of principle is profound. An open well having a 
base area of 80 square feet yields about cusec (37 gallons per minute), while a 
tube well with a cylindrical outer surface of the same area will yield | cusec, an 
amount 5 times as great. 

The inferiority of the open well in respect to water yield per square foot of per- 
colation surface is partly explained by the fact that it is not possible to take water 
rapidly from an exposed surfaces of sand, due to the liability of sand to lift and pass 
away with the water, but this action cannot account for more than | of 
the difference stated. The real cause for the relatively small quantity yielded by 
open wells is to be found in the direction of approach of the water, vertically 
tlirough the sand in the case of the open well, and horizontally for the tube well. 

Sedimentary deposits of sand and clay are always stratified horizontally. Even 
a thin stratum of clay presents a formidable obstacle to the vertical passage of water, 
but none to horizontal flow. There is also good reason for believing that the sub- 
soil sands offer less resistance to horizontal than to vertical travel. 
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The yield of water from any sort of well cannot be predicted with certainty, 
although we have a general knowlegde of the geology of the district where it is 
proposed to sink wells. There are always some blind spots shielded by ancient clay 
beds wherein very little water is found ; consequently, well sinking is speculative. 
The tube well is better in this respect than the open well by reason of its greater 
depth and the chance of piercing good sand strata below the level at which the 
base of the open well must be situated. No data is obtainable concerning the pro- 
portion of failures with open wells, but it is estimated that 1 in 10 fail to tap the 
right stratum, resulting in financial loss and disappointment. 

The risk with tube wells is considerably less. The sinking process permits ex- 
ploration of the sub-soil to depths of 300 feet below water, or more. The site selec- 
ted must be very bad to fail entirely in these circumstances. 

At the same time, experience has shown that promising sites have not given the 
supply anticipated, while other sites have greatly exceeded expectations. Tube 
well engineering has, however, now reached a stage when it is possible to forecast 
wdth reasonable accuracy the yield from various classes of sand after a boring 
has been made, but not before. 

The three operations comprising the installation of a tube well are, firstly, the 
sinking of a plain tube, Fig. 4, to a depth determined by the quality and thickness 
of the water bearing sands passed through ; secondly, the lowering of the tube \\ ell 
inside the sinking tube. Fig. 5 ; thirdly, the extraction of the sinking tube leaving 
the tube well in contact with the sub-soil. Fig. 6, and the completed well is 
shown by Fig. 7. 

During the first operation, Fig. 4, samples of the sub-soil are taken from the 
material brought up by the excavating tool and tested for porosity. The writer 
employs the Kennedy method of wet testing, w^hich indicates the proportions of 
coarse sand, fine sand, clay, or other constituents of the strata under examination, 
and a fairly accurate estimate of the yield is thus rendered possible. 

Should the tests not disclose a sufficiency of porous sand, the sinking tube must 
go deeper in the hope that a satisfactory stratum will be met, failing which the 
sinking tube should be withdrawn and re-sunk elsewhere. It will be observed that 
the orJy financial loss is the expense for sinking and withdrawing the first tube, 
the tube well proper not having been lowered into the ground. 

Turning now to the majority of tube w^ells, those sunk in good sand, the yield 
per square foot of strainer surface averages 1| to 2 gallons per minute. A large 
well producing 2 cusecs requires 160 feet of 12 inch strainer. 1 he present 
day tendency is to use large strainer tubes, up to 20 inches diameter ; the larger 
the strainer the less the depth of the well. 

Any well, tube or open, has an ouptput strictly regulated by the infiltration 
head, or draw down, to which it is subjected. The output of an open well is 
again limited by the exposed sand at its base, An infiltration head exceeding 7 feet 
cannot be applied to open wells, 
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By the term, infiltration head, is meant the difference of water level inside and 
outside the well when water is being withdrawn from it. The output is exactly 
proportionate to the infiltration head ; a well yields twice as much water with 6 
ieet of draw down than with 3 feet. 

There is no limit to the infiltration head which may be applied to tube wells 
from engineering considerations, but there is an economic limit. A high infiltration 
head means that water has to be lifted through a greater vertical distance ; more 
power is consumed in the performance of this extra work. 14 to 20 feet is the usual 
head allowed for irrigation wells. It is cheaper in the long run to provide ample 
capacity in the well than to face a continued expense for fuel or electricity. 

To proceed now to the engineering methods in vogue, the simplest form of tube 
well is that illustrated by Fig, 2. The tube is sunk below the base of an existing 
open well. No alteration to the appliances for lifting the water from the open 
well is necessary. 

Supposing that cusec (37 gallons per minute) was the yield of the open well 
before sinking the tube, the provision of one 8 feet length of 8 inch diameter tube 
will double the yield, without affecting the previous infiltration head. 

The cost of such a tube well, including sinking and installation charges, will be 
about Ks. 750, a moderate expense for twice the water. 

Another type of installation belonging to the improvised class, largely used be- 
cause of its appearance of simplicity, but defective in principle, is shown by Fig. 3. 

Here we have an open pit, lined with brickwork ; the bottom of the pit is situ- 
ated as low as excavation under water will allow, and plugged with concrete to ex- 
clude the sub-soil water as much as can be done with the inferior building mate- 
rials at hand. 

A centrifugal pump, belt driven from an oil engine or electric motor standing at 
ground level, is connected direct to the tube well ; no water enters normally through 
the plugging. 

To secure a reasonably large output from a tube well, the infiltration head must 
not be less than 14 feet. The problem is how to obtain it with this class of in- 
stallation and herein lies the defect referred to. The open pit cannot be made 
perfectly watertight ; when the pump is idle, water will rise in the pit and remain 
there at spring level. 

Spring level is not constant, seasonal variations are of the order of 6 feet, and 
heavy local rains may cause an even greater rise. The pump must therefore be 
located above the highest spring level likely to occur, which means that in ordinary 
practice a suction lift exceeding 20' is common. No centrifugal pump will ope- 
rate efficiently on so great a lift with tube well water, which is charged with gases. 

This scheme is moreover defective in another way. The greatest suction lift 
takes place in the dry season. The tube well discharge is consequently at a mini- 
mum when water is most wanted. Nevertheless, where engineering skill is but mo- 
derate, this system will continue to be used, in spite of its defective principle. 
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Before leaving the class of installation requiring an open well or pit to contain 
the pump or water lifter, mention should he made of the Boulton elevator, a neat 
and compact device, in appearance not unlilce a Persian wheel on a smaller scale, 
but differing therefrom in its constructional details. The Boulton elevator will 
go down an open well as small as 6 feet diameter ; it may be driven by animal power 
or engine power for raising small supplies up to J cusec, and it should have a 
wide application. • 

Pumping by compressed air may be ruled out as totally unsuited to irrigation ; 
the power consumed by air lift is from two to three times that taken by pumps. 
The examples at the end of this article will make clear that the cost of power is of 
primary importance ; only the most efficient means of lifting water need be consi- 
dered. 

Attention will now be directed *to the more recent developments of tube well 
engineering, with which the writer has been closely associated as inventor, de- 
signer, and manufacturer. The Central Workshops at Amritsar stand alone in the 
East as the sole manufactory where all that is necessary to first class engineering 
of this kind can be actually produced without recourse to importation, in direct 
competition with Ameiica for the tube well proper, and with Europe for borehole 
pumps. 

The first modern installation outside America, comprising an all-metal tube 
well containing a submerged borehole pump electrically driven, was constructed 
at Amritsar about 12 years ago. Since then numerous wells, some of the largest 
size and depth, have been made for most provinces of India. What follows may 
therefore be taken to represent the current practice of the writer, making use of his 
own records and designs. 

Since the yield from a tube well cannot, with our present knowledge of the sub- 
ject, be predicted with certainty, it is evident that the dimensions of the well, pump, 
and source of power must be estimated in advance ; not until a test has actually 
been made, can this estimate be verified. 

The yield of a well being proportionate to the infiltration head, should the yield 
by actual test prove less than estimated, the natural course will be to increase the 
infiltration head and so obtain the quantity desired. 

To carry this plan into effect, it will be clear from previous explanations that a 
submerged pump is essential in order that a high suction hft may not defeat the 
object in view. A submerged pump situated in the tube itself below lowest record- 
ed spring level is consequently incorporated in modern designs. 

Commencing with the smaller sizes. Fig. 8 represents a tube well fitted with a 
submerged reciprocating pump, suitable for raising J cusec (47 gallons per minute) 
through a total lift of 60 feet, or alternatively, 35 gallons per minute through a 
Uft of 76 feet. 

The pomp head is designed for animal power. Two bullocks or two camels can 
raise the quantities pientioned continuously without undue effort. The circular 
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path and draught pole with seat familiar to users of the ancient Persian wheel have 
been retained, and animals are easily trained to preform this simple duty. 

The machinery is self-lubricating and dust proof for operation in the open air 
without a covering. The pump may be withdrawn through the centre of the pump 
head for examination without disturbance to the heavier portions, and no trouble- 
some excavations below water level are necessary as all working parts are situat- 
ed above, ground and readily accessible. • 

The pump is double acting, operated by a single rod, compensated hydrauli- 
cally to even out the strain on the animals, and compensated separately in a novel 
manner to suppress entirely the shocks inherent in ordinary reciprocating pumps, 
which have hitherto prevented their use in tube wells. 

It will be noticed that the working parts are collected at the centre of the cir- 
cular path, the animals are not compelled to §tep over a trough containing a re- 
volving shaft at frequent intervals, as usual with other water lifters. Anyone who 
has watched the distress caused by constant misses of foothold will agree that gaps 
in the track should be avoided. 

This combination of tube well and submerged pump should find service whereever 
the spring water level is too low for the Persian wheel, say over 25 or 30 feet. Con- 
tinuous steady movement of animals enables more water to be raised with less 
fatigue than is the case with intermittent action on inclined planes as seen in the 
central parts of India. In general, whenever an animal is obliged to walk away 
with its load and return unloaded to the starting point to complete the cycle, the 
amount of useful work done by the animal is about half what it would have been 
had continuous forward movement been possible. 

It will bo understood that the power developed by two bullocks is equivalent 
to one horsepower ; the output of a well to which animal power is ap})lied is in con- 
sequence limited to | cusec, lift 60 feet. 

The cost of a tube well fitted with the submerged reciprocating pump described, 
including two 6 feet lengths of S'' strainer tube, is about Rs. 2,100, a figure which 
a large sea e manufacture will in time reduce. 

Another type of small tube well and submerged pump, similar in many respects 
to that just described, is illustrated by Fig. 9. This example is power driven by 
belt to the pulley seen on the left of the pump head ; the source of power may be an 
oil engine or electric motor. An alternative method of driving, not illustrated, is 
a direct coupled electric motor to occupy the place of the belt pulley. Either 
continuous or alternating current may be used. The speed of the pump is constant 
for all lifts. 

Much care and thought has been devoted to the lubrication of the head gears 
of these small pumps. Working parts are enclosed and automatically lubricated ; 
no attendant is necessary for the power driven type, and a daily visit will suffice. 

With power drive, no limit to the quantity of water lifted is imposed, except 
that brought about by the capacity of the pump. The smaller of the two sizes 
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responds to the duty of the animal power pump, | ciisec (47 gallons per minute) 
through"60 feet, and 35 gallons through 75 feet ; intermediate quantities and lifts are 
catered for by variation in the stroke of the pump, an adjustment provided also for 
the animal power variety. 

The larger size is designed for | cusec through 60 feet, double the capacity 
of the other, and the same constructional plan is followed throughout. 

Economy in power consumption has been carefully studied. None but the most 
efficient pumps or water lifters find a permanent place in irrigation practice. Long 
working hours are the rule. The industry cannot afford to pay big bills for oil or 
electric power, power being the principal item ot expense. 

The efficiency of pumping, all losses included, from the water in the well to the 
exit of the discharge pipe, is 70 per cent, with these reciprocating pumps ; thus J 
cusec lifted 50 feet demands one horsepower, and ^ cusec two horsepower. One 
gallon of the cheapest kerosine will run the ^ cusec pump for 12 hours. Should 
the lift be less than 50 feet, the fuel consumption will be less in almost exact pro- 
portion. 

Although not related to agriculture and irrigation, it may here be pointed out 
that small wells and pumps of this class are eminently suitable for village domestic 
water supply ; dirt or foul surface drainage cannot enter the tube, a thoroughly 
clean and sanitary drinking water service is assured by th(i all metal construction, 
the tube extends above ground level and is shielded by the machinery, in contrast 
to the unsanitary open wells so common in India. 

rroceeding now to the larger tube wells, the centrifugal pump is advantageous 
here, because of its capacity to move large volumes of water within the restricted 
space available inside a tube well. It is essentially a quick revolution machine 
which may be coupled direct to an electric motor. The reciprocating pump is 
cumbersome when designed for large volumes. 

The term borehole pump has been applied to vertical spindle pumps which are 
of external dimensions small enough to go down a tube well. Two kinds are recog- 
nized ; the centrifugal, and the axial flow propeller type ; the former is preferred 
by the writer because of its lower power consumption. 

The design of such pumps presents great difficulty. The hydraulic efficiency 
must be high and the output large in relation to the outside diameter of the pump ; 
a 7" pump of this type measures only 13^^ in. over the casing, a pump measures 
8^ in., the efficiencies being 65 per cent, and 55 per cent, respectively when used 
for the low lifts met with in irrigation, although better efficiencies are obtained 
with high lifts for town water service. 

3| inches, 4 inches, 6 inches, 7 inches, corresponding to outputs ranging from 
0 3 cusec to 2'5 cusecs, are the sizes most useful for irrigation. A one cusec pump 
absorbs 7^ horsepower for 40 feet lift, and a two cusec pump absorbs 14 horsepower. 
I’he smallest of the series absorbs only 2 8 horsepower to raise 0 35 cusec through 
40 feet. A lift of 40 feet has been chosen to illustrate the performance of this type 
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of pump, because 40 feet is a very usual lift made up as follows, spring water 22 feet 
below ground, infiltration head 14 feet, lift above ground 4 feet, to command the 
area to be irrigated. 

Borehole pumps comprise both the pump itself and the suction and delivery 
pipes. The figures of efficiency and horsepower quoted above relate to what is 
called commercial efficiency. All frictional losses in the piping have been included 
in the statement. Misunderstanding sometimes arises as to what is really meant 
by the efficiency of a centrifugal pump unless the horsepower is definitely stated. 

As will be seen in Figs. 10 and 11, the drive may be electric, or by belt from an 
oil engine through a self-lubricated, dust proof gear box. The machinery is all 
situated above ground and readily accessible. 1 he pump is submerged in order 
that the yield of the well may be maintained at the driest season of the year. 

It will be noticed that the disposition of the well and pump is such that a per- 
fectly sanitary supply is assured. A part or the whole of the water issuing from 
the pump may be safely used for domestic purposes, if required. 

Reference has not yet been made to the details of construction of the tube well 
strainer, that portion of the well through which the water enters the tube after 
leaving the sands of the sub-soil. Sands deposited by sedimentation are fine in 
texture, generally so fine that a slit 25 thousands of an inch wide will permit a stream 
of sand to run through as in an hour glass. 

All modern tube well strainers are virtually slitted tubes. Experience has in- 
dicated that slits 16 thousands wide will exclude all sands met with in practice, 
and yet allow ample room for water to enter. The writer has tried many different 
widths of slit to discover which is most satisfactory. The 15 thousands slit serves 
all general purposes, and no increase of yield occurs with wider slits as might be sup- 
posed. The danger with slits too wide is that sand may run in with the water, 
blocking up the tube, and eventually causing settlement and loss of the whole well. 

A tube well strainer must be strong enough to withstand the compressive forces 
produced by the closure of the sub-soil upon it, and sufficiently rigid to resist any 
tendency to cripple under vertical loading, a condition that is present before the 
sub-soil has consolidated and firmly gripped the well. The interior of the strainer 
tube should, moreover, be smooth to minimise the friction opposing the passage of 
water through it. 

The ^cheaper kinds of strainer tube lack one or the other of these qualities 
(Jircumferential strength may have been sacrificed to save the cost of brass or 
copper composing the slitted envelope. Collapse under earth pressure has often 
taken place in these circumstances. Insufficient strength and rigidity at the joints 
between the separate lengths of strainer tube has given rise to buckling and crip- 
pling, followed by sand leakage and loss of the well. Borne makes of strainer tube 
appear to be designed with the express purpose of creating as much hydraulic 
friction as possible, instead of the reverse. When choosing a strainer tube, it should 
be remembered that excessive friction causes the infiltration head at the bottom 
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end of the well to be less than the measured infiltration head at the top of the 
well. An examination of a 2 cusec well 300 feet deep in service disclosed an infiltra- 
tion head of 14 feet at the top and 8 feet at the bottom, a state of affairs corres- 
ponding to a loss of 20 per cent, in 3 deld. 

Strainer tubes are made in various sizes, to suit the great variety of sub-soil 
conditions existing in India. If the spring water table is low and the sand strata 
separated by thick deposits of clay, a deep well is necessary, which usually means 
one of small bore to economise in sinking expenses. 

For irrigation, a large bore and comparatively shallow well is preferable ; for 
example a 20-inch well 100 feet deep is likely to l)e superior to a 10-inch well 
200 feet deep, although both possess the same area of surface. 

The standard sizes of strainer tubes are 8 inches, 10 inches, 12 inches, 16 inches 
and 20 inches, measured over the actual slitted part of the tube. Nominal sizes 
as listed by some manufactures may not confirm to specification. A nominal 10 
inch may be really 9^ inches. Nothing smaller than 8 inches is ever required for 
irrigation, even when the discharge is as low as ^ cusec. 

We now come to a question which has exercised the minds of engineers for years, 
a question of concern for users of tube wells, which briefly stated is, will a tube well 
maintain the yield it gives when new ? 

The answer to this question is no; a gradual decline will take place, determined 
by factors which will now' be explained, a decline which is fortunately not rapid 
in certain cases, but still a decline to be reckoned with and for v Inch a cure has been 
discovered. 

Underground water is hard, due to salts of magnesia, lime and other substances 
contained therein. The sub-soil is composed of silica, alumina, and other materials 
which combine with the water to form a film of limestone and clay upon the surface 
of the strainer tube, gradually covering the slits and preventing the ingress of water. 

This process, like many other chemical changes, is slow in its early stag(\s, but as 
the film grows in thickness and bridges over the slits, the revStriction to the entry of 
water becomes more pronounced, the last phase being a total closure of the slits and 
the cessation of water yield. 

Fig. 12 shows a portion of the envelope of a tube well wln^n new and clean. Fig. 
13 shows the same tube with an impervious film u})on it. A ten years growth of 
film is quite thin, about the thickness and appearnnc(‘ of stout brown paper. 
Chemical analysis of a sample of film scraped from an all-brass strainer tube con- 
firms that it is limestone mixed with clay. 

The remedy for this condition, so adverse to the extension of tube wells, is really 
a simple one. The film must be removed or cut away. Fig. 14 shows how this is 
done. Each slit is provided with a disc cutter protruding beyond the surface of the 
strainer tube to cut through the film and clear away any deposit in the slits. As 
will be seen from Fig. 16, a series of cutters are mounted on a frame, and rotation 
of this frame or cage conveys motion to the cutters, which progress along the slits 

T> 
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much in the same manner as a disc plough advances through the earth of a field, 
breaking through the film and opening up the slits to their normal width, thus re- 
storing the yield of the well. 

This class of strainer tube has already been extensively employed and proved 
to be the solution to the problem of choking. A trial with it at one situation where 
ordinary strainers choked in three years has established the efficiency of the cleaning 
discs and their suitability for the purpose intended. It bears the name of the 
writer and is known as the Leggett cleanable tube well. 

Fig. 15 illustrates a non-cleanable well, made from a plain slitted brass tube, 
with screwed couplings between the sections. Fig. 16 shows the interior of the 
cleanable well. The strong steel central tube will be noticed and the substantial 
form of coupling ; the slitted straining envelope is cut from solid brass and supported 
by the bars of the cages, and collapse under earth pressure is unlikely. 

To conclude this article, examples of cost for irrigating lands with the a ppliances 
described are appended, the figures being taken from actual practice. 


1. Cost of small tube well installation for 30 acres per annum, reciprocat- 
ing ruiup, OIL engine drive. 

Data. 

Spring water level 35 feet below ground. 

Infiltration head, 12 feet. 

Total lift from water in well to discharge pipe, 50 feet. 

Quantity lifted J cueec (47 gallons per minute). 

Strainer tube, 10' of S" Leggett cleanable type. 

Pump, submerged reciprocating pattern. 

Fig. 9, driven by an oil engine. 


Capital expenditure^ 


Rs. 

Sinking charges to depth of 60 feet ........ 300 

10 feet of 8 inches cleanable strainer, with joints 500 

Plain 7 inches pipe above strainer to ground level 160 

Belt driven reciprocating pump to go down a Y pipe, complete with self lubri- 
cated geared head and discharge pipe, power absorbed 1 H. P. . . , 1,100 

011 engine to bum kerosine, nominal output IJ B, H. P., complete with l)elt ' 

puUey and belt 350 

Foundation for pump and engine 40 

Fitting and starting to work 60 


2,510 
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Running expenses. 

200 days per annum, 16 hours a day, 10 hours per gallon for 1 B. H, P., cost of 
kerosine oil per annum 

Depreciation at 6 per cent, on capital cost 
Maintenance and repairs 

Lubricating oil and small stores 


Rs. 

260 

126 

60 

40 


476 


Rs, 476 

represents Rs. 16 per acre. 

30 acres 


2. Cost of tube well installation for 90 acres per annum, borehole 

PUMP, OIL ENGINE DRIVE. 


Data. 


spring water level 22 feet below ground. 

Infiltration head, 14 feet. 

Total lift from water in well to discharge pipe, 40 feet. 

Quantity lifted, 0*35 cuseo (130 gallons per minute). 

Strainer tube, 24 feet of 8 inches Leggett cleanable type. 

Pump, submerged borehole pattern. Fig. 10, with gear box for belt drive from an oil 
engine. 


Capital expenditure. 

Sinking charges to depth of 70 feet . . . . * . • • 

24 feet of 8 inches cleanable strainer, with joints ...... 

Plain 9 inches pipe from strainer to ground ....... 

Belt driven borehole pump to go down a 9 -inch pipe, complete with self- 

lubricated geared head and discharge pii)e 

Quantity 0-35 cusec through 40 feet, power absorl^ed 3 H. P. . 

Oil engine to bum heavy oil, nominal output 6 B. H. P., complete with belt 
pulley and belt 

Foundation for pump and engine. 

Fitting and starting to work 


Rs. 

420 

3,200 

220 


2,500 

1,800 

60 

60 


6.260 


Running expenses. 

200 days per annum, 24 hours a day, 6 lb. of fuel per B. H. P. hour, at Rs. 130 

per ton. Annual cost of fuel 

Depreciation at 6 per cent, on capital cost 
Maintenance and repairs 
Lubricating oil and small stores 

Wages of attendant ^ 


Ks. 

600 

310 

100 

100 

120 

1,120 


Rs. 1,120 

represonts Rs. 12*6 per acre. 


00 acres 
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3. Cost of tube well installation for 260 acres per annum, borehole 

PUMP, OIL ENGINE DRIVE. 

Data. 

Spring level 22 feet below ground. 

Infiltration head, 14 feet. 

Total lift from water in well to discharge pipe, 40 feet. 

Quantity lifted, 1 cnsec (376 gallons per minute). 

Strainer tube, 72 feet of 12 inches Leggett clean able type. 

Pump, submerged borehole pattern. Fig. 10, with gear box for belt drive from an oil 
engine. 


Capital expenditure. 

Bs. 

Sinking charges to depth of 130 feet ........ 1,170 

72 feet of 12 inches cleanable strainer, with joints . ..... 6,000 

Plain 9 inches and 12 inches piping from strainer to ground .... 500 

Belt driven borehole pump to go down a 12 inches pipe, complete with self- 
lubricated geared head and discharge pip€‘. Quantity 1 cusec through 40 
feet, power absorbed 9 H. P. ......... 3,900 

Oil engine to bum heavy oil, nominal output 12 B. H. I*, complete with belt 

pulley and belt ........... 3,000 

Foundation for p\imy> and engine ........ 100 

Fitting and starting to work ......... 120 


13,790 


Running expenses. 

200 days per annum, 24 hours a day, 0-66 lb. of fuel oil per B. H. P. hour, at Rg. 

Rs. 130 per ton. Annual cost of fuel . ....... 1,380 

Depreciation at 6 per cent on capital cost 690 

Maintenance and repairs .......... 280 

Lubricating oil and stores .......... 200 

Annual wages of attendant ......... 400 


2,960 


Rs. 2,960 

represents Rs. 11*6 per acre. 

260 atires 


4. Cost of tube well installation for 600 acres bbr annum borehole 
PUMP, vertical electric motor drive. 

Data. 

Spring water level 22 feet below ground. 

Infiltration head, 14 feet. 

Total lift from water in well to discharge pipe, 40 feet. 

Quantity lifted 2 cusecs, (760 gallons per minute). 

Strainer tube, 88 feet of 20 inches Leggett cleanable type. 

Pump, submerged borehole pattern, Fig, 11, with bedplate ai^d stand for eleotiio motor 
drive. 
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Capital expenditure. 

Rs. 

Sinking charges to depth of 160 feet 1,660 

88 feet of 20 inches cleanable strainer, with joints ..... 10,660 

Plain 12 inches and 18 inches piping from strainer to ground level . . . 1,000 

Vertical motor driven borehole j)ump to go down and 18 inches pipe, complete 
with bedplate, motor stand, thrust bcaiing and discharge pipe. Quantity 2 
cusecs through 40 feet, power absorbed 14 H. P. . . . . . . 2,400 

Vertical electric motor, 16 H. P., with starter and cables to motor . . . 1,800 

Foundations for pump .......... 100 

Fitting and starting to work ......... 220 


18,730 

Running expenses, 

Ks. 

200 days per annum, 24 hours a day, 12 Kilowatts at one anna per K. W. hour. 

Annual cost of electric power ......... 3,600 

Depreciation at 6 per cent, on capital cost ....... 936 

Maintenance and repairs ......... . 360 

Lubricating oil and stores .......... 60 

Part wages of attendant .......... 240 


6,175 

Rs. 6,176 

- represents Rs, 10‘0 per acre. 

600 Acres. 

Note. The cost of electric energy is the main item in this example- If the charge per unit is 
reduced to | anna, the cost of irriga tion per acre drops to Ks. 8*6. 
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Director of Land Records and Agriculture^ United Provinces, 18fl8 — 

(Concluded from Vol. XXIII, Pt. 5, pp. 369 — 382.) 

IX. Mass education. 

By education I do not mean teaoliing children in schools, but this topic requires 
mention, because in India it is commonly taken as a soporific drug ; worthy gentle- 
men, roused for a moment to a sense of the problem of Indian poverty, are apt, 
in my experience, to murmur the word “ education,’* and then fold their hands 
again to slumber, satisfied that the problem has been disposed of for their generation. 
My position in the matter is that, while a universal system of rural education of 
children is obviously indispensable for the future, it is irrelevant to the main task 
of the Commission,; because it cannot affect the present situation; there is apprently 
nothing of the sort worth having in India to-day, and if there were, it would not 
begin to operate on rural mentality for another 20 years or so. 

I left India with the conclusion that the niral primary instruction wdth which 
I was familiar constituted a grave potential danger. So far as it had any effect, it 
was to divert' brains and energy fromj^the land, which wanted them, to the towns, 
which had no work for them ; and the system was, in fact, innocuous only because 
it was ineffective. A substantially similar view was expressed in the Quinquennial 
Review of Education for 1917, which reached^the conclusion that the whole question 
was one for experiment. The remarkable Report of the Missionary Commission 
{Village Education in India, H. Milford, 1920, page 27) set down the failure of the 
system as too well established to require argument ; the Quinquennial Review for 
1922 disclosed no ranterial change, nor have I noticed one in any later publication ; 
so India has apparently still to take the first steps towards a proper system, under 
which the ordinary village children would leave school content to be peasants, 
but determined to be better' peasants than their fathers.” I submit to the Com- 
mission that any system which depletes the villages of lads above the average of 
capacity is a system to^^e summarily eradicated in the interests of ([the whole 
country ; the ‘‘ drift‘]to the towns ” is likely to be at least sufficiently fostered by 
social conditions' jwlthout spending money to inculcate it on the rural population 
in the mass. 
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Even, however, if an effective system of rural education could be introduced at 
once, a long time would be required before it could affect the mentality of the 
villages. The tone of village life is set by the elder peasants, not by lads of 14 ; 
at first, many of these lads will probably relapse, and it is only by slow degrees 
that those who have benefited most by their school years will come to play an active 
])art. There are, indeed, some reasons for holding that an effective, system of rural 
education of children will be the result, rather than the cause, of such a change 
in peasant-mentality as is required. In the Quinquennial Review for 1917, Sharp 
reached the conclusion that the future of education depended on the economic 
progress of the coimtry, and there are familiar cases in America and other pro- 
gressive countries where individuals or communities dc^siring education have set 
to work first to earn the money wherewith to pay for it. In the India of to-day 
it is difficult to see how the money could be provided for an (*.ffective system of rural 
education ; it is not difficult to foresee a time when peasants will be ready to pay— 
whether in taxes, rates or fees is immaterial — for a thing which they realize is essen- 
tial. 

My jiresent argument, however, is merely that effective rural schools, if they 
could be provided, would not meet the present need. The case is altogether different 
with the movement tow^ards adult education, which received so raucli attention 
in the Quinquennial Review for 1922, and which is described by Darling in the 
book already quoted. The spectacle of grey-haired peasants sitting down eagerly 
to learn the alj)habet is, to my mind, nearly the most inspiring thing that can be 
seen just nowdn all India; but, again, it does not })oint directly to a practical 
policy, because it indicates that the desired change in mentality is already in juo- 
gress, that the secular inhibition is breaking up, and that the ] peasants in question 
are reaching out their hands to take what is offered. It is thus a mov(unent to be 
fostered in every possible w^ay, but it must be regarded as an effe(!t rather than a 
cause ; you cannot start adult schools except by convincing adults that it is worth 
their while to come. 

Apart from adult schools, India already possesses, or can readily obtain, the 
institutions which in other countries have, or might have, contributed to adult 
education in the mass, and so paved the w^ay for the education of children. The 
railways and the post office, newspapers and elections, gramophones, films, and 
wireless telephony, all these and others are, or can be made, available, wliile 
pilgrimages and the habit of looking for temporary work in distant places are 
perhaps more effective in India than elsewhere. I do not propose to examine the 
actual or possible utilization of these assets, because their discussion can best be 
carried on in India, but I think it is desirable to lay stress on the fact that in regard 
to all of them the Indian educated classes hold the key of the position, and I suggest 
that the Commission will find that, at the present juncture, a most effective 
attack on the problem of national poverty can be made in the se('.tor of higher 
education. 
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Forty years ago Marshall, in his inaugural lecture, described his ambition ** to^ 
increase the numbers of those whom Cambridge, the great mother of strong men, 
sends out into the world with cool heads but warm hearts, willing to give some, at 
least, of their b(*.st pow(irs to grappling with tlic socual suffering around them ; 
resolved not to rest content till they have done v hat in them lies to discover how 
far it is possible to o])en up to all the material means of a refined and noble life 
That sentence seems to me to furnish tlie outline of a policy deserving the Com- 
mission’s best attention. 

X. Mobilising the Intelligentzia. 

I apprehend that the Commission will meet many Indian gentlemen who are 
imconscious of the cleavage which exists between town and country. That un- 
conscious ignorance has to be dissipated, and that cleavage has to be bridged 
before the objects of the Commission can be fully attained. The northern peasant, 
as I know him, looks on townsmen in the mass as potential, if not actual, exploiters 
and oppressors ; his attitude towards them is a combination of fear, mistrust, and 
hate ; his chief line of defence is secrecy regarding his own affairs, combined with a 
servility in their presence whicli is in striking contrast to the language he uses behind 
their backs. Tliere is nothing peculiar to India in this, for a similar attitude is a 
commonplace of peasant-literature, and in India it is explained, perhaps justified, by 
the history of the past ; but the point is that the Indian peasant has been remarkably 
successful in keeping the towns in ignorance. 

Twenty years ago the ignorance of the towns was complacent, but a change is 
now in progress. I have no opportunities of meeting Indian students in the mass, 
but I see samples of the best of them, who come to England for advanced study, 
and my observations of them may be summarised by saying that, while the ignorance 
still exists, there is now a new desire to know, and knowing, to help. The same 
features can be observed in the increasing volume of economic literature which 
reaches me from India, and I suggest that there is here a new spirit which the Com- 
mission can press into its service, and which, when once it is harnessed, will do 
increasingly effective work. 

There is, I think, a need both for new special courses and for a new inspiration 
in the existing University curricula. I take the former first, and suggest the 
establishment of schools of what may fairly be called rural economics. The term is 
indeed liable to misconception, because in England, to which it belongs, it connotes 
capitalist-farming, whereas in India we are concerned with peasants ; but in this 
matter, as in some others, I hope India will be able to escape from the trammels of 
terminology, and I see that the term has been adopted by at least one Indian 
University, so I use it in preference to peasant economics, which would describe my 
meaning more precisely. The curriculum of such a school would comprise various 
branches, First, there would be a study of the classical economic analysis, sufficient 
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to ensure that the student should be able to handle it effectively as an organ of 
research, or in more popular language as a box of tools, tools which are very sharp 
and dangerous to the inexpert worker, as so much modern literature shows. Next, 
there would be a comparative study of peasant life in other countries, directed to 
bring out those features of peasant-mentality which are common to all . Next, theici 
would be the history of the Indian peasant ; I recognize it has still to be witten, but 
adequate materials are available for a sufficient period. Finally, there would be the 
study of the peasant in his present environment, going into increasing detail for 
selected areas, a province, a district, a pargana, and a few individual villages, and 
utilizing to the fullest extent the stores of official records wliich are now so little 
studied, not merely the Gazetteers and Settlement Reports, but more definitely 
technical records, such as the rent-rate reports and the village assessment state- 
ments themselves. 

It appears to me that such special schools would be entirely appro])riate features 
in the Universities of a peasant country, and that here tlu^ Cornmission (*an give a 
valuable lead ; but in any case I suggest that a fully-equi])ped school of tlic kind 
should be an integral portion of any Staff College which th(* Central Government 
may maintain for training agricultural officers at Pusa or elsewliere ; the ci)urse 
need not necessarily be made compulsory, but there should be a d<‘finite rule that, 
after a reasonable interval, the selection for the higher administrative posts in the 
agricultural and allied departments would be confined to officers wlio had qualified 
in rural economics, either at a University or at the Staff College, thus meeting the 
need which I have indicated in section III of this memorandum, and recognizing 
that in this branch of activity, rural economics is the master-s(*ieiice, and not a 
mere accomplishment. 

At the moment, however, I am more concerned for action on the mass of Uni- 
versity students, axid it is here that I believe a lead from the Commission will 
produce the best results in the shortest time, because it will affect all the various 
instruments of mass-education. We are concerned with the courses in history 
and in economics, wliich, taken together, are now the chief medium of higher edu- 
cation ; in regard to them I will outline what I take to be the ideal, realizing that 
it cannot be attained all at once, but confident that each step taken in the right 
direction will give concrete results immediately, and will make the next step easier. 

My ideal of a course of Indian history for Indian students, whether pass-men or 
honours-men, is that the peasant should be given a place in the centre of the stage 
throughout the period when anything can be learned about him. The histor}’ 
of the last six centuries, as it is now taught, deals with the achievements of a. long 
line of great men — nearly all of them foreigners — from Alauddin, the illiterate 
Turk, to Curzon, the English aristocrat. Let the ordinary undergraduate learn 
what the peasant meant to these men, and what they meant to the peasant ; let 
him learn further the significance from this point of view of names now more rarely 
heard in the schools, from Ghiyasuddin Tughlaq to Jonathan Duncan, the men 
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who made the peasant their first care ; let him see the peasant through the centuries 
under the influence of the forces which have made him what he is, and he will go 
out into the world infinitely better equipped than now to take a share, perhaps 
an unconscious share, in the work of mass-education, whether he becomes doctor 
or lawyer, journalist or official, landholder or politician. 

In economics, as in history, the peasant has to be brought forward to the centre 
of the stage. It was inevitable that economics teaching in India should draw its 
initial inspiration from England, but, at the same time, it was unfortunate, because 
doctrine elaborated in an atmosphere of large-scale industry, world-commerce and 
international finance is apt to repel Indians, not by its intrinsic content, but by its 
exotic accidents. The quaint idea of a separate science of ‘‘ Indian economics ”, 
which had a short vogue recently, was an expression of this natural repulsion ; but 
the remedy lies, not in creating a new science, but in presenting the existing science 
in more familiar garb, in terms of the Indian field and market-place”, rather than 
in terms of Birmingham and Liverpool, of Lombard Street and Mincing Lane. In 
such a presentation, the peasant will naturally occupy the most prominent place ; 
and students who have approached the science by this road will be in the best 
position to join effectively in the fight against national poverty. 

XI. Supplementary considerations. 

The ideals which I have sketched so briefly may be regarded as furnishing the 
strategical outline of the attack in this sector, an attack by the massed forces of the 
educated youth of the nation, but the outline requires to be supplemented by a few 
considerations of a tactical nature. In the first place, the change, or rather the 
enrichment, suggested in the courses in Indian history is in the direction of a 
movement already in progress. The branches of the study known as social and 
economic history are almost everywhere gaining ground at the expense of political 
history, v/hich is now regarded rather as the skeleton of the subject, essential of 
course, but needing to be clothed with flesh and blood in order to furnish a just and 
adequate presentment of the past. Comparison of courses of study prescribed at 
different dates indicates that this movement is already in progress in Indian 
Universities, and suggests that the present need is not to change the direction of the 
current, but to strengthen it and to concentrate it on the peasant as the most 
important subject. Similarly, the ordinary courses in economics are already 
changing in the desired direction, and inspiration such as the Commission is in a 
position to give will contribute force to an actual movement rather than initiate a 
new departure. 

Again, it is important to recognize the value of youth in this matter. I have 
said above that the schoolboy cannot count for much in the village, but the young 
graduate counts for very much in the town, and is, in fact, one of the chief agents 
in spreading new ideas among the older generation. At the present juncture 
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yourlg men have a chance such as they have not hitherto enjoyed in India ; the 
Commission will, I expect, be struck by the youth of witnesses occupying high 
positions in the academic world, and it is scarcely an exaggeration to say that ideas 
absorbed during the ordinary courses of study may pass into general circulation 
without delay. The suggested line of action thus promises speedy results in a case 
where time is of the essence of the problem. Opposition to it may be expected 
chiefly from the^older men, many — but by no means all— of whom are affected 
by the intellectual inertia, which is perhaps as common in India as in other countries. 
For such men there is a great attraction in well-established courses, with text- 
books and lecture-notes proved by experience to be suitable ; and, in the case of 
over-worked teachers, there is a natural reluctance to break fresh ground, search 
unfamiliar sources of information, and remodel machinery which is running smoothly. 
It is quite possible that the most vigorous pioneers on the lines I have suggested 
will be found in the younger Universities of the north, which have still to justify 
their existence before the academic world, })ut, as it seems to me, there is quite 
enough energy in the older foundations to justify the hope that the}^, or some of 
them, will play their part. 

Finally, the most hopeful featuie in the situation is the widespread and increasing 
M-nxiety which exists regarding the future of the country. The classes usually 
grouped under the label “ intelligentzia are filled with worthy and lofty, if vague, 
aspirations, but at every step on the way towards realization they run against the 
barrier of the national poverty ; in their anxiety to surmount it, they are ready to 
listen to every charlatan and to try every quack's prescription ; what tliey have not 
yet done is to study the problem seriously and as a whole. My suggestion is that 
the Commission will find its opportunity in this situation, and that by its published 
opinions, and still more perhaps by its examination of representative witnesses, 
it can bring the light that is wanted into this obsimrity. The national poverty 
is in essence the peasant question, for in India at least it is true that fauvres paysans 
font pauvre royaume ; it can be attacked successfully only by working with, and 
for, the peasant, and accurate kriowledgci of the peasant is the first condition of 
success for the great body of the intelligentzia, which, in oiui phase or another, must 
bear the brunt of the struggle. A realization of these truths and a determination 
to apply their lessons are, so far as I can see, the most effective forces which can be 
brought into play. 

XII, Increase of rural income. 

I had intended to bring my remarks to a conclusion at this point, but it has 
been suggested to me that I should amplify what I have said in the opening section, 
to the effect that, while agriculture must play the most prominent part in the struggle 
with poverty, it cannot hope to win without the co-operation of its allies. Accord- 
ingly, I attempt in this section to indicate what seem to me the main lines of advance 
in somewhat greater detail. 
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In my view, India must continue to be in the main a peasant country. In 
places there may be room for the ranching, or plantation, system, and almost all 
over the country there may be room for a proportion of large farms worked by 
capitalists, but the degradation of the mass of peasants to the status of hired labourers 
seems to me to be as impossible in practice as it is socially undesirable. It follows 
that the industry will normally be confronted by that group of stubborn physical 
facts which economists have labelled the law of diminishing returns, and that there 
will alwa3^s be need for expert departments engaged in j)ioneering those progressive 
improvements in the arts of agriculture by which alone the barrier can bo gradually 
thrust back. This statement sounds like a truism, but it is a truism worth repeating, 
because in India there is still a body of opinion which holds that agriculture can be 
brought up to date once for all, and which does not recognize the necessity for 
continuous progress. It is worthwhile then to insist on the fact that what Indian 
agriculture needs is not so much change as flexibility and continuous adaptation 
to the progress of knowledge on the one hand and to the conditions of the markets 
on th(*< other. 

Looking then to a process of evolution rather than a revolutionary change, 
a large increase in the net income of the country involves both an increase in gross 
income and a reduction in cost by the elimination of waste. So far as I can judge, 
the first process alone cannot suffice, but must be reinforced by the second, if the 
economic position is to be materially improved. 

As far as the fully-occupied country is concerned, I have nothing to say on the 
])roblcm of increasing the gross income, beyond repeating that it is being handled 
by the technical departments on lines which experience has shown to be generally 
sound. Where large tracts of land are either uncultivated or seriously under- 
cultivated, the cause is usually either want of water for irrigation or else unhealthi- 
ness. The great irrigation projects recently carried out, or now in progress, pro- 
bably leave comparatively little to be done under the first head, and that little 
will be done by degrees. Under the second head, the position is that the recent 
spectacular advances in knowledge have carried sanitary science for the moment 
far ahead of the possibilities of practice. Something can often be done to provide 
drinking water where this is bad or lacking, but the effective control of specific 
diseases such as malaria must, I fear, wait for the development of the will to live 
better, because it depends on the hearty co-operation of the people affected ; and 
in regard to some of these tracts, the question may arise whether it would not be 
more profitable to hand them over to the Forest Department in cases where the 
existing population can be Otherwise provided for. The question is, however, 
of minor importance, though it is not negligible ; the main source of increased 
gross income must be the land, which is already more or less fully occupied. 

As regards elimination of waste, we have to distinguish the material factors of 
production, land and capital, from the human factors, management and labour. 
The greatest source of waste in regard to land is, I think, the unsatisfactory arrange- 
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ment of holdings, with numerous small plots scattered over a large area ; the evils 
of this arrangement are now so notorious that I need not enumerate them. When 
I first ventilated the subject nearly 20 years ago, my tentative proposals were given 
decent burial, in the traditional Indian fashion, under a mass of d priori objections, 
but the experimental success recently attained in the Punjab satisfactorily disj)oses 
of all those objections except one, and they need not be considered furtlier. The 
exception is the difficulty that fragmentation by inheritance has a religious sanction, 
so that consolidation is exhibited as, at the best, a temporary improvement, accord- 
ing to some critics not worth the trouble of effecting, because the effect will be so 
shortlived. It will be recalled that a similar objection was advanced less than 
a century ago against the equipment of railways for passenger traffic ; it was almost 
universally agreed — beforehand — that Hindus of all except the very lowest classes 
were absolutely prevented by their religion from travelling by rail, and it was argued 
that no great passenger traffic could be expected ; but the railways were made, 
and the people used them. I suggest, then, that the d priori objection need not 
deter the Commission from pressing on this essential reform. Let the people see 
what compact holdings mean in actual working ; let them enjoy the experience 
for a generation, during which the will to live better is likely to be a constantly 
increasing force ; and let them in the end adjust the religious difficulty for tliem- 
selves, or ask their Legislature to do it for them. 

To the economist land includes water, and it may be well to say a few words 
regarding its waste. The provision of water where it is needed for irrigation lias 
long been recognized as the greatest improvement possible, and has gone far ahead 
of the study of economy in utilization. The waste in the application of canal- 
water is a commonplace of the reports, while, in the case of wells, the quantity 
of water actually used often bears a disappointingly small proportion to what is 
raised ; economy in this matter will often operate to extend the area which can 
be irrigated from a given supply, and, in the case of wells, will mean also a valuable 
saving of time and power. 

Turning from land to capital, it is indisputable that Indian peasants hold in 
gold and silver an amount of idle capital that is, in the aggregate, enormous ; leaving 
older accumulations out of account, the distribution of a large proportion of the 
recent huge imports of specie can be traced down to various agricultural tracts, 
from which there is no corresponding outflow. It is a question how much of this 
could profitably be put into the holdings under present circumstances, but there is 
no doubt that, given good business, whatever is not wanted for the holdings could be 
safely and profitably invested in securities in India, or, if necessary, in other 
countries, and that very large numbers of Indian peasants could thus come into 
line with those in France and elsewhere, who have a supplementarj^ income from 
sources outside their main occupation. The results of such an investment would 
probably transform the whole financial position of the country, providing much 
cheaper capital for producers, and leading to a large increase in production ; the 
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conditions for its realization are, first, development of the will to live better, and 
second, very much better business than now exists. The new forms of small Govern- 
ment securities have had a spectacular success, but I have not yet been able to learn 
the extent to which they have attracted the peasants’ idle reserves, and, in any 
case, there is more accumulated money in sight than the Government could utilize ; 
so that there is here a clear case where the will to live better and the development 
of better business must go hand in hand. 

The human factors to be considered are management and labour. In those 
parts of India which I know personally there is very great waste in the matter of 
management. You find a man with the energy and capacity required for working 
a large holding, crippled by inability to get the land, even though he takes sub- 
leases on ruinous terms ; and alongside of him you find an incompetent slacker, 
starving on a holding which, if properly managed, would adequately supply his 
needs. Some such inequalities must, I suppose, always exist, but in India the 
waste is, in my judgment, far too great, and this is due mainly to the systems of 
tenure that have been established in the course of the last century. The Commis- 
sion is, I know, debarred from making recommendations as to tenure, but the subject 
cannot be altogether avoided in an analysis such as I am attempting. The position, 
as 1 see it, is that, while in the nineteenth century security of tenure was undoubtedly 
the most important need, the effect of continued concentration on security has been 
to create a rigidity which involves serious economic waste ; and what is now wanted 
is a greater degree of flexibility, with more scope for the good peasant to rise, and 
with si)eedier elimination of the bad peasant — who must always be eliminated in 
the end. The adjustments required to meet this need will^necessarily vary with 
locality, and since the Commission can make no recommendations, I do not propose 
to say anything about them ; my point is merely that at present there is very 
great waste, waste of land under bad management and waste of managing ability 
for want of access to land. 

Probably, however, the greatest waste of all is the waste of labour. ^ By labour 
I mean not merely wage-earners, but the entire agricultural population, including 
the peasant and his family, who live by results, and also the labourers and artisans 
who live by wages or dues. The present agricultural system involves short periods 
of overstrain and much longer periods of under-employment or even entire idle- 
ness ; the agricultural population draws 12 months’ livelihood from less — some- 
times much less — than 12 months’ work ; the remainder of the year is almost 
totally lost, xmless work can be found outside the village ; and there is some reason 
to think that the longer spells of idleness have an injurious effect on character, 
reducing the quality of the work that is done in the short working season. 

This waste is almost general, but its amount varies greatly with local conditions* 
The worst case is that of villages depending solely on ,the rains crops. In them 
the arrival of the monsoon brings a period of intense effort to get the maximum 
area sown, however poor the till^e, and to fight the weeds ; there is often much 
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more to do than can bo done thoroughly in July and August, but once the harvest 
is finished, say in November, there is practically nothing to be done till the next 
monsoon arrives. Contrast this with a village where either the qualities of the 
soil or the facilities for irrigation make winter cropping possible. A smaller area 
will be sown in the rains, but it will get much better tillage ; the aggregate area 
in the two seasons will be substantially greater, and the yield more than propor- 
tionately so ; the working season lasts for nine or ten months instead of four or 
five ; the village can be worked by a smaller population, with less overstrain at 
the peak of the load ; and the year’s net income will be substantially larger, while 
the habit of continuous work will be established. 

In parts of India which I know such villages are fairly common, but in some of 
them a further adaptation can be observed. The longer working season is yet 
not fully occupied, and there is a slack time from April to June ; some of the best 
Oudh peasants use these opportunities to fit in a field of sugarcane, the cultivation 
of which can be made to dovetail admirably with the other crops, and such men 
may fairly be said to do an honest 12 months’ work in the year, though necessarily 
there are idle days and hours. I mention this particular case because it can be 
generalised. The sugarcane crop in Oudh is best regarded as a laboui savings- 
bank ; the peasant puts into it days and houi’s of work which would otherwise 
be wasted, and he draws the value of his labour, often with exceedingly good interest, 
when he sells his produce ; and, while the use of this particular savings-bank depends 
on local conditions, the need for similar facilities is almost universal. 

One great aim of rural reformers should then be to eliminate the periods of 
overstrain, to spread work more evenly over the year, to diversify the cropping 
so as to provide regular employment, and thus, with the aid of suitable machinery, 
to produce a larger gross income by means of a substantially smaller population 
engaged in regular work. For the absorption of the surplus population, agriculture 
must depend on the development of industries, proceeding gradually and as nearly 
as possible at the same pace, so that the change-over may be as nearly painless as 
possible. In this connection it is necessary to allude to the location of factories, 
a topic that at first sight may seem somewhat remote. The ‘‘ industrial centre ” is 
now out of date, and in the West we speak rather of industrial districts grouped 
round commercial centres. In India I think this principle should be fully recognized 
and even extended ; the ideal — not, of course, likely to be completely realized — is 
a factory at each railway station, drawing its main supply of labour from the 
surrounding villages, setting a standard of wages to which the villages must con- 
form, and incidentally facilitating the introduction of machinery among a population 
now ignorant of the use of metals. The ideal is accepted in substance by experienced 
social workers such as Miss Broughton (now Lady Chatter] ee), who concludes 
{Labour in Indian Industries, page 180) that the decentralization of industries, with 
the improvement of communications, is the only way of settling the industrial 
housing question so as to retain aU the best features of village life ; and in my 
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judgment the matter is one where the rural reformer and the social worker can 
wisely join hands, aiming at the widest possible diffusion of organized industries. 
At any rate, it may be hoped that nothing like Bombay will ever be allowed to 
happen again. 

It must bo recognized, however, that, even when the^surplus population shall 
have found other means of livelihood, employment in agriculture can never be 
entirely regular ; there will always be wet days and slack times, there will always 
be people unfitted for the hardest work, and thus there will always be room for 
cottage industries. This subject has been scarcely explored as yet in India, except 
by politicians and a few philanthropists. I do not know whether the Commission 
will undertake its study or will mark it off as requiring study by others ; and I will 
say only that, more almost than any other reform, it involves very much better 
business than now exists in India, both in buying materials and in marketing 
finished goods. The aggregate of time available would probably suffice to yield a 
substantial addition to the national income, but the addition will not materialize 
imtil a fair share of it is assured to the workers, and this cannot happen in the 
present state of internal commerce. 

XIII. The future. 

In the foregoing section I have indicated as briefly as possible some of the main 
lines of rural improvement, and the nature of the co-operation which agriculture 
needs from outside. It may be worth while to look a little forward and see what 
the result is likely to be when the processes I have indicated shall have been going 
on for some time, 

1. The standard holding, that is to say, the area (which of course varies with 
local conditions) which can be cultivated effectively by one team, such as the ordi- 
nary peasant can hope to possess. The standard holding, in this sense, will be 
definitely larger, but of the same order of magnitude as now. The increase will 
be rendered possible partly by better implements, partly by betto animals, partly 
by a better system of cropping ; its sources will be referred to below. 

2. The average holdmg will be more than correspondingly greater because there 
will, I think, be a somewhat larger number of peasants with more than one team, 
while there may also be some large areas farmed on capitalistic lines. The increase 
will be obtained, to some extent, by the utilisation of fresh land, but mainly by 
eliminating a proportion of the existing smaller holdings. Here, however* I must 
enter a caveat against the common Indian view that it is either necessary or desirable 
to eliminate all the “ uneconomic holdings to use the current phrase. Large parts 
of England did that, and, in doing so, heedlessly destroyed the laborer’s ladder ; 
and those of us who have watched the prolonged and not over-successful efforts to 
reconstruct that ladder are bound to insist on the importance of maintaining it 
where it exists in India. The labourer with a field or two for his spare time, the 



TtoB INBIAK AGRICtJLTtJBAL PROBLEM 


466 


smallholder who works in his spare time for others, the peasant who works his 
holding unassisted, and the peasant who employs hired labour to help himself, 
there should always be room in India for all these classes. I ha^/e seen it asserted 
that such a ‘‘ ladder does not exist in India ; it certainly exists in the country 
I know, for I have watched men mounting it in spite of obstacles arising out of the 
system of tenure ; if it does not exist elsewhere, it will have to be constructed. 

3. TJie peasant’s income. The ordinary peasant, occupying a larger, more 
compact, and more conveniently situated holding, will get better crops than now, 
both in yield and in quality, and there will be* fewer calls on his produce, so that 
his net income will be substantially increased ; in addition, he will often have a 
suj)plementary income from securities and from some form of home industry. lie 
will have more to sell and he will want to buy more. He will have access to much 
better markets than at present, and, with higher prices ibr sales and cheaper pur- 
chases, increased produce will go much further than now. 

4. Specialisation. There will be certainly be more specialisation in cropping, 
each region growing what it can grow best. How far this process can be earned is 
uncertain, but it is quite possible that ordinary peasants will buy s(mie of their 
staple food, as well as more fruit, vegetables, spices, and other adjuncts, in that 
case, one hopes they will not repeat the English mistake of giving the best part 
of the grain to the pigs, and keeping the starch for their children ; at present home- 
grinding and home-baking constitute an important asset, securing the best results 
from the limited quantity of grain available for food. 

The smallholder will almost certainly have to buy much of his food, devoting 
his land mainly to intensive culture of special crops, fruits, or vegetables for w liich 
he will find a market among his more substantial neighbours, besides having better 
access to the towns and, probably to preserving factories. 

5. TJie labourer f influenced, like the peasant, by the wdll to live better, will be 
readier to change his employment, and, with a reasonable diffusion of organised 
industry, village wage-rates will be linked to urban, so that labourers, doing better 
work than now, can hope for their fair share of the increased income. It is reason- 
able to suppose that they will not lose the land-himger which now aflects them, 
and that — where a ladder exists — money earned in a factory will often go into a 
smallholding. 

6. The volume of internal trade wiil be much larger and its course much more 
active, with a lower rate of profit on the larger turnover, and there will be- what 
now scarcely exists — scope for that productive and distributive energy which is so 
important a contributory factor in raising the standard of life. 

7. The export trade in agricultural produce will not nt'cessarily be increased in 
volume and is perhaps more likely to shrink ; but, on the other hand, exports of 
manufactured goods will rise, while the investment of the country s idle capital will 
transform the whole monetary situation, and may even sufiice to make India a 
creditor nation, so that the currency question will no longer cause anxiety. 
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8. When this stage has been reached by gradual development, the peasant will 
be the master of his future, and consequently of the future of the country. He 
will have made some progress in the arts of wise spending, of spending to earn and 
of saving now to spend later ; and if, as I suspect will be the case, his strong family 
affections concentrate themselves on the preservation of the holding intact as the 
family property, with provision for dependants from invested savings, and with 
the understanding (by no means foreign to India) that the cadets shall usually carve 
out their own careers, the economic system will be at once stable and progressive. 


XIV. Conclusion. 

Development on the lines I have indicated vill call for concentrated and per- 
sistent effort on the part of the entire nation, not merely the State Departments 
and the Lregislatures, but the brains and the hearts of the people ; but, so far as 
I can see, the driving-force, which must set the wheels in motion and carry them 
over the recurring dead-points, can be provided only by the will to live better, 
manifested increasingly among the rural population. And so I end where I began. 
The promotion of the welfare and prosperity of the rural population, in other words, 
the solution of the problem of national poverty, is, in its essence, a psychological 
question. The design of the machinery is, indeed, a matter of great importance, 
but without adequate driving-power, its outturn must be disappointing. The 
argument of this memorandum is briefly that India has now reached the stage 
where the machinery is in existence, not perfect or final, but adaptable and improv- 
able without insuperable difficulty ; the time has come for concentrating attention 
on the source of power. 
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IV. The Standard Indian Cottons.* 

At the beginning of the work in the Technological Laboratory it was necessary 
to adopt certain cottons as standards with which to compare any other cottons 
sent for test. Now one of the consequences of the research work of the Agricultural 
Departments during the past twenty years has been the isolation, development, 
and introduction into general cultivation of certain improved strains of cotton, 
and as the total area under these various improved types amounts at the present 
time to over three million acres, they have been adopted, in preference to the older 
but more variable commercial types, as standards with which to compare new 
cottons. These standards — there are 18 of them — have been tested in some cases 
for the past four seasorLs, and the results have been published in Technological 
Reports on Standard Indian Cottons, 1927.” 

These reports have a value beyond that for which they were primarily intended, 
viz., setting up standards with which to compare new types developed by cotton 
breeders. As pointed out in the introduction to the rejiorts, economic considera- 
tions usually detemiine what price a cotton shall fetch, ])ut where only small quan- 
tities of it are available or its intrinsic value is not fully appreciated, a new cotton 
may not receive its full value as compared with other cottons. Naturally, with the 
known difficulty of valuing a new type of cotton, a buyer tends to work on the safe 
side ; he has no wish to buy a pig in a poke. It is therefore very evident that it is 
not sufficient merely to develop a new and improved strain. Difficult as this may 
be, it is probably much more difficult to bring the new type into large demand. 
It is clear that the publication of these Technological Reports, bj^ widely advcirtis- 
ing the merits of the cottons therein dealt with, is a step forward in the adequate 
marketing of these standard cottons. 

It is probable that with the system in vogue at the Technological Laboratory 
rather better results are obtained from a cotton than can normally be expected in 
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Although the Laboratory machinery is of the ordinary type, the plant 
as a whole is a small one, so that it is comparatively easy to keep it always in good 
condition, and expert supervision is readily maintained. * It is not so easy to keep 
the machinery and operatives in an ordinary mill up to the same concert pitch. Still, 
t\^ details are given in the reports of the speeds, settings, drafts, etc., used in the 
different spinning tests, together with full details of the results obtained. The 
various reports therefore indicate what a cotton can do under these conditions, 
and with a little experience a spinner should quickly be able to make the necessary 
allowances in arriving at a conclusion as to what he can expect the cotton to do 
in his own mill. The individual reports on the 18 standard Indian cottons, and 
3 American cottons (tested for comparative purposes), are each divided into the 
following five sections : — 

I. Agricultural Details; 

II. Grader’s Report ; 

III. Fibre Particulars ; 

IV. Spinning Tests"; 

V. Remarks. 


The agricultural details provide some idea of the relation of the standard cotton 
to the commercial crop of the district, the history of its introduction, the soil and 
climatic conditions in which it is grown, and the magnitude of the crop of the new 
cotton. The Grader’s report shows his estimate of various characters of commercial 
importance. The fibre particulars include the fibre-length, the fibre-length dis- 
tribution (also shown graphically), the fibre-strength, the fibre-rigidity, the fibre- 
weight, the fibre-width, and the number of natural twists in the fibre. The 
spinning tests ” section comprises a description of the treatment given in the 
spinning machinery, the spinning master’s report on the cotton, a yarn examination 
report for evenness and neppiness, together with a table of spinning test results, 
including the waste percentages, the ring frame particulars, the results of lea and 
single thread tests, and figures showing the physical conditions of temperature and 
humidity prevailing during the spinning and testing respectively. The “ remarks ” 
section briefly summarises the main conclusions which may be drawn from the re- 
sults of the fibre-tests, the amount of waste made, the number of yarn breakages 
in the ring frame, and the results of the various tests and examinations to which * 
the yarns are subjected — particularly with reference to the question of seasonal 
variation. 

The following table gives the salient features of the standard Indian cottons. 
It will be seen that these cottons may be divided roughly into four classes : The 
first class comprises cottons which may normally be expected to be satisfactory 
for standard warp counts of 30’s and over ; the second class, cottons between 20’s 
and 30’s ; the third class, cottons between lO’s and 20’s ; and the fourth class, 
cottons which are only suitable for yarns below lO’s, 



Table I. 

Showing details of Standard Indian Cottons» 
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The value of duplicate tests. At the Technological Laboratory it has always 
been the practice to carry out spinning tests on duplicate samples. A large number 
of such tests has now been made, and it is accordingly possible to analyse the results 
thereof and so o])tam some idea of the value of these duplicate tests. The following 
analysis has been confined to the tests on the standard cottons for which the 
results are given in Technological Reports. In all, 263 sets of duplicates are avail- 
able ; these duplicates relate to many standard cottons, and a number of different 
counts. The various results have therefore been brought into line with one 
another for comparison purposes by expressing the difference’ between the count- 
strength products of the two duplicates of each set as a percentage of their mean. 

The average difference between the count-strength products of duplicates wms 
found to 5*1 per cent. The frequency distribution was as under : — 


Frequency distribution of the differences beiween the count-strength products of duplicates. 
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From this frequency distribution, it will be seen that about half the results show 
a difference of not more than 4 per cent., and the other half show a difference ex- 
ceeding 4 per cent. Moreover, in 13 per cent, of the cases, the difference between 
the duplicates is more than 10 per cent. These results show that a spinning test 
cannot be regarded as reliable if it is confined to a single test, with a ’spinning in 
one count only. They indicate too the necessity for some such procedure as Aat 
adopted at the Technological Laboratory by which any sample is divided pto 
duplicate lots, each of which is spun into thr^ diffeyept coupt#. 
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V. Spinning Tests on Small Samples.* 

What is the minimum weight of cotton necessary for a trustworthy spinning 
test ? The average spinning master would probably reply— at least 100 lb. And 
where large supplies of the cotton are available, and it is desired to test the cotton 
under ordinary mill conditions and without special facilities, the practical man 
would doubtless be correct in his answer. But where special conditions and faci- 
lities do exist — as at the Technological Laboratory — it does not by any means 
follow that the same question demands the same answer. Indeed an elaborate 
investigation at the Technological Laboratory has now shown that it is possible 
to get very consistent results with samples weighing only 10 lb. The importance 
of the question lies in the fact that in the early stages of the development of a new 
strain 100 lb. of its lint simply do not exist, for the cotton breeder has to multijdy 
a new strain during three seasons in order to obtain even a few pounds of lint. Yet 
he strongly desires to have a spinning test made on a sample at the earliest stage 
possible, because at the present time the spinning test afi'ords the only reliable guide 
to the quality of the cotton. Moreover, a cotton breeder grows a number of strains 
at one time ; he has neither the time nor the staff nor the land available for growing 
large quantities of all his strains. At a certain stage, therefore, he cannot continue 
to multiply all of them ; circumstances compel him to select some and to reject 
the others. Evidently his work will be very much facilitated if a reasonably ac- 
curate spinning t-est of his cotton can be made when only about 10 lb. of lint of any 
given strain are available, and he will be correspondingly hampered if he is asked 
to provide at least 100 lb. of lint for the spinning test. 

It has already been pointed out that the spinning test result by itself is not 
sufficient to enable the cotton breeder to decide whether to retain or to reject any 
given strain, because, from the agricultural standpoint, the ultimate test of any 
variety is the average monetary return which it yields per acre under perfect market- 
ing conditions, and this involves two main factors, viz., the yield of ginned cotton 
per acre, and the quality of the lint. These two factors themselves depend on a 
number of plant characters, many of which are imperfectly understood, so that 
extended field tests are necessary before any variety can be brought to the notice 
of cultivators. In these circumstances the value of the spinning test lies in the help 
it affords the breeder when at the end of a season he classifies his strains into : — 
(1) Strains worth multiplying and extended field-testing ; (2) strains worth further 
study ; (3) strains not worth multiplying. By acting in accordance with this clavS- 
sification in the following season he will obtain for the spinning tests larger quan- 
tities of the cottons of class (1) ; he will simply maintain and not multiply the 
cottons of classes (2) and (3), and so even of these he will obtain sufficient lint to 
allow of further small-sample spinning tests, the results of which will serve to check 
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the conclusions for the previous season’s crops. It is important to notice that no 
final decision as to the fate of any given type would be based on the results of a 
spinning test on 10 lb. weight of cotton lint of a single season. The whole ques- 
tion therefore resolves itself into this : Are the results from tests on a 10 lb. sample 
of cotton sufficiently trustworthy to be used as a guide in the manner described 
above ? In order to answer this question most of the standard cottons were test- 
ed in six different lots having the following initial weights : 100 lb., 10 lb., 5 lb. 
(2 lots), 2 lb. (2 lots). 

It was found that there was little difference between the results for the samples 
of different weights except in card-room loss and yarn-neppiness. The differences 
in card-room loss were traced to the fact that whatever may be the weight of the 
sample a certain amount of cotton (0*1 lb.) is needed to load the card wire ; and this 
amount naturally forms a higher percentage of a smaller sample. The results show 
that it is possible to deduce correction factors for the card-room losses of samples 
of small weight that are generally applicable with surprising accuracy. We need 
only to subtract 1, 2 and 5 from the card-room waste percentage of 10 lb., 5 lb., and 
2 lb. sample respectively, to obtain the card-room waste percentage for the 
cotton when treated in bulk. The yams from the 2 lb. lots were found to be 
less neppy than those from the larger lots ; this difference was found to be due 
to the card having been cleaned before the passage of every new lot. The 
cleaned card is at first able to extract practically all the nep from the cotton which 
passes through it ; the amoxint of nep appearing in the card web then gradually 
increases to a maximum, which is reached when about a pound and a half of 
cotton has passed through. Hence the reduced neppiness of the early portions is 
only significant when the sample is of such a small weight as 2 lb. 

So far as all the other test-results are concerned, the differences between the 
results for any one count spun from a number of lots of different weight are no 
more than often obtained for lots of the same weight. For example, a calculation 
was made of the percentage differences between the results for count-strength 
products given by bulk and small samples. An analysis of this table gives the 
following results : of the 40 differences for 6 lb. lots, in 25 cases the 5 lb. lots 
gave higher values than the bulk, in 15 cases they gave lower values. These 
results for the 5 lb. lots were distributed as follows : — 


Differences between results for 6 lb. lots and bulk 

No. of results 
greater for 6 lb, 
lots than for bulk. 

No. of results 
less for 6 lb. lots 
than for bulk. 

Less than 2 per cent. ........ 

5 

4 

Fi'om 2 to 6 per cent. 

11 

9 

From 6 to 10 per cent 

0 

2 

Above 10 per cent 

3 

0 
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Of the 40 differences for the 2 lb, lots — in 30 cases the 2 lb, lots gave higher 
values than the bulk, and in 9 cases they gave lower values ; there was one case in 
which the values were the same. These results for the 2 lb. lots were distributed 
as follows : — 


Differencefl between results for 2 lb. lots and bulk 

1 No. of results 
greater for 2 lb. 
lots than for bulk. 

No. of results 

1 less for 2 lb. ]o4 
than for hulk. 

1^88 than 2 per cent 

4 

2 

From 2 to 6 per cent 

8 ' 

3 

From 5 to 10 per oont. . 

8 

2 

From 10 to 16 per cent. 

8 

2 

Above 16 per cent. 

2 

0 


These differences between the results for the samples of different weights may 
be compared with the differences which are commonly obtaineds in making dupli- 
cate tests on the same sample of cotton. As previously pointed out, the average 
difference between the count-strength products of duplicates was found to be 6*1 
per cent. Now if we take all the 5 lb. lots together and all the 2 lb. lots together, 
we find that on the average their count-strength products are higher than that of 
the bulk by 1*8 per cent, and 4*3 per cent, respectively. It follows therefore that 
on the average the difference between the results o])tained for the samples of small 
weights is no more than the difference which is commonly obtained between the 
duplicates ; for the 5 lb. samples it is decidedly less. Hence it is concluded that 
although small lots tend to yield slightly higher strength results, yet the difference, 
for 5 lb. lots at any rate, is negligible. 

It mighl have been expected that the use of small lots would lead to lower instead 
of higher strength results owing to the difficulties of manipulation, particularly in 
making a uniform lap with a small sample. The results which have been obtained 
at the Technological Laboratory show that these difficulties have been success- 
fully overcome. On the other hand, it has to be remembered that there is greater 
waste made with these small samples ; the card loss is decidedly higher, and, as 
already remarked, the cleaning power of the card is relatively much greater according 
as the sample is smaller. It is quite likely therefore that the card removes more 
short fibres in the case of smaller samples, and that it is on tuis account that the 
smaller samples give a rather higher strength. The chief point to observe, how? 
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ever, is that the difference in strength is really negligible compared with the other 
unavoidable errors of a spinning test ; and if the spinning tests had bee n confined 
to tests in duplicate on lots weighing only five pounds or ten pounds respectively, 
they would have led to accurate conclusions regarding the spinning capacity of 
the cotton. It is therefore concluded that the procedure which has been adopted in 
the Technological Laboratory for testing small samples submitted by cotton breed- 
ers, viz,; making spinning tests in duplicate on lots weighing only 6 lb. each, is 
completely justified ; certainly, there are now the strongest grounds for this con- 
clusion so far as it applies to the range of counts possible with Indian cottons. 


VI. Seasonal Variation of the Standard Indian Cottons.* 

Few facts are more indisputable than that deterioration of well-known commer- 
cial varieties of cotton has often set in after a number of years. But while the 
fact is indisputable, the explanation of it has been a matter of some controversy. 
There are those who think that deterioration of any and every variety is bound to 
occur at some time or other, and that there exists a definite term for any variety 
beyond which its quality is certain to fall off. On the other hand, the modern 
scientific view is that the so-called deterioration that has occurred in the past has 
really been due to contamination of the variety by natmal crossing in the field 
with other and inferior varieties. But quite apart from any long-period deterio- 
ration of this kind that may be due to the factors of inheritance, there is the dete- 
rioration of quality that may be caused in any one season by an unfavourable en- 
vironment. This is a matter of great economic importance, because different 
varieties of cotton do not react in the same way to adverse conditions, and, other 
things being equal, it is evident that that variety is to be preferred which suffers 
least under such adverse conditions as may be experienced in a locality generally 
suitable for it. 

The standard Indian cottons are mostly supplied by the Agricultural Depart- 
ments, and so knowledge is available both of the origin of the seed and of the con- 
ditions under which the cottons are grown ; it is consequently expected that the re- 
peated annual testing of the standard cottons will throw some light on the question 
of deterioration. Already a number of the cottons have been tested for four seasons, 
and most of the others for three seasons. Two properties have been chosen for the 
investigation of the seasonal variation in these cottons ; the first is the fibre-length, 
and the second is that property of the cotton which sums up all the fibre properties 
that matter, viz,, the highest counts of warp yarn for which the cotton is suitable* 
The variations in these properties are shown in the following tables : 


Tochnological lieports on Standard Indian Cottons, 1927, ” Indian Central Cotton Committee 
fecbnolo^cal Laboratory, Bulletin No. 11, Technolojpcal Series 6, NovemW 19^7, 
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Seasonal variation in highest suitable counts. 


Cotton 

Province or State 

Highest SuiTABLis Counts 

1923-24 

1924-2S 

1925-26 

1026-27 

Highest coufU-mriation Jess Uuiti W 
per cent. 






Dliarwar 1 . 

Bombay . 

34 

34 

34 

34 

4F 

Punjab . 

•• 

22 

22 

24 

K. 22 

United Provinces 


12 

12 

12 

Nandyal 14 .... 

Madras . 

34 

32 

32 

34 

Karungamii C7 . 

Vo. . 

. . 

26 

26 

20 

Uinri Bani ..... 

Hyderabad 

•• 

22 

24 

24 

11 Highest courd — variation 10-20 
Per cent. 






Surat 1027 A, L. F. . 

Bombay . 

30 

32 

26 

32 

Wagad 4 . 

Do. 

. . 

. . 

14 

16 

Wagad 8 . . . . 

Do. . 



12 

14 

285F. 

Punjab . 

34 

34 

28 

34 

A. 11) 

United Provinces 

. . 

0/8 

8 

6/8 

J. N. 1 

Do. 

. . 

12 

12 

14 

C. A. 9 

Do. 


28 

28 i 

34 

Hagari 26 . 

Madras . 

24 

28 

20 

26 

llh H ighest cou nt — vari aiion 
above 20 j)er cerU. 






Ciwlag 1 , 

Bombay , 

30 

20 

30 

38 

280F 

I*unjab . 

. . 

30 

30 

38 

MoUisoni ..... 

Do. . 


. . 

6 

B 

Co. 1 . * 

Madras . 

32 

30 

32 

38 


It will be 8een that three cottons (Punjab- American 285P, Coimbatore 1 and 
Hagari 25) show a maximum seasonal variation of between 16 and 26 per cent, 
in fibre-length and four cottons (Gadag 1, Punjab-American 289F, MoUisonii and 
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Coimbatore 1) show a maximum seasonal variation of more than 20 per cent, in 
highest suitable counts. 

From the results at present available it is deduced that there is no evidence to 
show that any of the standard cottons has undergone deterioration of type within 
the period concerned. If the deterioration had been one of type, a more or less 
progressive falling off in the highest suitable counts might have been expected 
to occur, but no such falling off can, in fact, be discerned. It may be, of course, 
that it would take more than four seasons to detect any deterioration of this kind 
owing to the predominating effect of seasonal variation due to other causes ; con- 
clusions on this point can* in the nature of the case only be arrived at after the ex- 
piry of a number of further seasons. It may be mentioned that the variation which 
has occurred is ascribed to climatic and other differences ; this is strikingly borne 
out by the fact that the seasonal variation is widely distributed, occurring in cottons 
grown in a number of the different provinces. There is no doubt that as the years 
pass, and these and other tests are repeated, the information obtained will become 
more and more valuable. 

VII. Fibre Properties and Spinning Value.* 

Reference has already been made (Part 1 ) to the desirability of determining 
the quality of a cotton in terms of fibre-properties. It is hoped that the extended 
examination of the fibre-characters of the standard Indian cottons will provide 
the basis of a really scientific attempt to evacuate just thovse properties which matter. 
A beginning has already been made, and the results now published embrace a suffi- 
cient number of properties to make the comparisons really interesting. Investi- 
gations have been made on the following fibre-properties : 

(1) Mean fibre-length ; 

(2) Fibre-length distribution ; 

(3) Mean fibre-strength ; 

(4) Mean fibre-weight per inch ; 

(6) Mean fibre-rigidity ; 

(6) Mean ribbon-width ; 

(7) Mean number of convolutions per inch. 

The manner in which these properties have been measured is as follows ; — 

Fibre-length and Fibre-length DistribxUim. In the determination of fibre- 
length it has to be remembered that a sample of even a pure strain cotton contains 
fibres of many different lengths. The mean fibre-length is determined by means 
of two different instruments, viz,, (1) the Balls Sorter ; and (2) the Baer Sorter ; 
the results from these two instruments serve as checks upon each other. Four 


**‘T©ohiiok)gical Reportts on Standard Indian OotUaiB, 3927,” Indian C.Vntral Cotton Committoo 
Technological Laboratory, Bulletin No. 11, Technological Series No. 6, November 1927. 
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determinations are made with the Balls Sorter and eight with the Baer Sorter, The 
tests on the Balls Sorter also serve to show the fibre-length distribution, which 
indeed has to be determined before the mean fibre-length can be ascertained. 

Fibre-strength. The mean fibre-strength is determined by two methods, viz., 
(1) the Balls Magazine Hair Tester ; and (2) the O’Neill Tester, as modified by Mann 
and Peirce.*^ 300 fibres are tested for strength by each method. 

Fibre-weight. The mean fibre- weight is determined by cutting a straightened 
bunch of fibres so as to yield a number of lengths each one centimetre long ; 10 
groups each containing 400 of these 1 cm. lengths are then weighed separately on 
a quartz-fibre torsion micro-balance and the mean fibre-weight unit per length 
calculated from the results. 

Fibre-rigidity. The mean fibre-rigidity at 70 per cent, relative humidity is 
determined by measuring the time of torsional vibration of a small cylindrical 
aluminium rod suspended horizontally at its mid-point by the cotton fibre under 
test ; each aluminium rod is half an inch long and weighs 0*0178 gramme (0*00063 oz.). 
The fibre-rigidity is determined for 150 individual fibres of each sample. 

Ribbon-width. The mean ribbon- width of the 1923-26 cottons was obtained 
from measurements imder the microscope of 50 different fibres. Each measure- 
ment was taken midway between a pair of convolutions, as it is at this point only 
that the full ribbon-width is seen under the microscope ; 10 observations were made 
on each fibre, and the mean taken of the whole 500 observations. For the deter- 
mination of the ribbon-width of the 1926-27 cottons, measurements were made on 
150 different fibres, involving 1,500 observations. 

Convolutions. The number of convolutions or natural twists in the cotton 
fibre was also obtained from measurements under the microscope, the total number 
of convolutions being determined for each of 50 fibres, and the mean taken ; in the 
case of the 1926-27 cottons measurements were made on 150 fibres. In these 
reports a convolution is regarded as being due to the twisting of the fibre on its 
longitudinal axis through an angle of 180 degrees. 

The properties of fibre-strength, fibre-weight, and fibre-rigidity were determined 
for the 1926-27 cottons only. For the measurement of the fibre properties the 
present routine is to make successive tests on the same 150 fibres for the number 
of convolutions, ribbon-width, and fibre-rigidity. It should be noted that this 
number of observations is really very few for the determinations of the fibre-rigidity 
and of the number of convolutions, both of which have a large probable error of a 
single observation ; for this reason the mean values obtained for these characters 
must be regarded as only approximate, and as liable to a considerable sampliag 
error. 

Comparisons have been made between the several fibre-properties and the highest 
suitable warp counts for which each cotton is suitable as shown in the table below ; 


Journal of the Textile Institute, XVII, 1026, page T. 84. 
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It is found that when the different cottons are arranged in order of increaaing 
coarseness of highest suitable counts, there is a general trend in the values of any 
given fibre-property similar to that of the counts, but in all cases there are outstand- 
ing exceptions. The parallelism is most marked in the cases of fibre-length and 
ribbon- width, and less so in fibre-strength fibre- weight, number of convolutions 
and fibre-rigidity. However, there are so many individual exceptions to each 
general trend that it is concluded that no single fibre property can serve as a uni- 
versal criterion to indicate the highest suitable counts into which a cotton can be 
spun. It is evident that a number of properties must be taken into consideration, 
and that the culmination of this work, leading to the assigning of a definite numerical 
fraction to the part taken by each fibre character, w’ill be a matter of some 
years’ further investigation. 



A PRELIMINARY REPORT ON EXPERIMENTS IN THE CON^ 
TROL OP GRAIN SMUT OF JO WAR {ANDROPOGON SORGHUMy 

BY 

B. N. UPPAL, Ph.D.* 

Offg, Plant Pathologist to Govermnent^ Bombay Presidency^ 

AND 

J. S. MALELU, B.Ag.* 

Offg. Assistant Mycologist^ Department of Agriculture, Bombay Presidency. 


Among the cultivated crops in the Bombay Presidency, Andropogon Sorghum, 
locally known ou^^jowar, occupies the first plaC/O as regards acreage, covering an area 
of over eight million acres. The most important disease attacking this crop is the 
grain smut caused by Sphacehtheca sorghi (Link) Clinton. The value of the grain 
destroyed by this disease in the Bombay Presidency alone exceeds two crores of 
rupees annually. The seed treatment in \ise in the Bombay and Madras Presidencies 
is the copper sulphate treatment which requires steeping the grains for 10 to 15 
minutes in a two-per cent, solution of copper sulphate. This treatment, though 
effective, is not entirely satisfactory, as it wets the grains and necessitates drying 
before they can be sown. Moreover, in 1926 it was pointed out by Mr. T. F. Main, 
now Director of Agriculture, Bombay Presidency, that copj)er sulj)hate propa- 
ganda in areas lightly affected by smut tends to defeat its ow n ends by being irksome 
to cultivators ”, with the result that they wdll sow smutted seed rather than steep 
it in a copper sulphate solution. It therefore seemed desirable to use some of the 
dust fungicides and determine their effect on the control of the smut. It was also 
recognised that cultivators would prefer dry fungicides to liquid preventives lie- 
cause of the difficulties involved in the use of the latter. 

The seed was divided into eight lots and was artificially infected, with different 
quantities of smut spores. The dosage by weight ranged from 1 piirt of smut spores 
to 250 parts of seed (1-250) to 1 to 3000 (1-3000). With the heaviest spore load 
(1-250), the seed was practically blackened and was very much smuttier than the 
seed with the heaviest natural infection. The lightest spore load (1-3000) gave a 
few hundred spores per seed, which were barely visible to the naked eye. The 


The writers are grateful t<» Mr. M. N. Kamat, Assistant Professor of Mycology, College of Agri- 
oulture, Poona* for helping in the field work. 
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heaviest spore loads were used to ascertain the limits of efficiency of the different 
fungicides. 

The fungicides used in these experiments were in the dust or powder form. They 
were : 1. Copper carbonate (containing 53 per cent, copper). 2. Sulphur No. 1 
(passed through 100-mesh sieve). 3. Sulphur No. 2 (passed through 250-mesh 
sieve). . 4. Copper sulphate No. 1 (coarse powder). 5. Copper sulphate No. 2 
(passed through 200-mesh sieve). 

For each set of experiments controls were run with untreated, infected seed, and 
in each case fairly heavy infection was secured. 

The results of these experiments may be summarised as follows : — 

1. Copper carbonate is most effective in controlling smut. Two to four ounces 
of the dust per sixty pounds of seed controlled infection for all spore loads except 
the heaviest (1-250), where there was slight infection. Even one ounce of the dust 
was found to be effective for dosages of 1-1000 or less ; in heavier spore loads infec- 
tion was very slight, the maximum being tliree per cent, in the case of the 1-500 
spore load. 

2. Besides giving a better distribution of the dust on the seed when finer sulphur 
is used, fineness of the particles does not seem to have any effect in controlling 
infection. Sulphur applied at the rate of four ounces per sixty pounds of seed was 
practically fully effective except for the heaviest dosage of smut spores (1-250). 
Three ounces of sulphur No. 1 practically controlled smut for spore dosages of 1-750 
or less, the results with the higher spore loads being more or less erratic. Sulphur 
No. 2 applied at the same rate was found to be less effective and controlled infection 
for spore loads of 1-1000 or less. Sulphur No. 1 was unsatisfactory at the rate of 
one or two ounces, but a satisfactory control was secured with sulphur No. 2 at 
the rate of two ounces for spore loads of 1-1000 or less. 

Considering that four ounces of sulphur per sixty pounds of seed are required 
for the best results in smut control, it will cost less than one pie to treat enough 
grain to sow one acre. 

3. Copper sulphate No. 1 failed to control infection for any dosage of spores even 
when applied at the rate of four ounces per sixty pounds of seed. However, copper 
sulphate No. 2 was very promising. Two to four ounces of this dust was practically 
fully effective, except for the heaviest dosage of spores (1-250), where the maximum 
infection was six per cent. One ounce of copper sulphate No. 2 was also effective 
for spore loads of 1-1500 or less. 

The results of these experiments show that the present system of soaking in 
preparing jowar seed for sowing, as a preventive of grain smut, can be replaced by 
a dust system. Sulphur, however, shows great promise as it is equal to copper 
sulphate steeping in effectiveness, and is easier to apply and much cheaper than tiie 
latter or any of the dust fungicides used. 



SOME OBSERVATIONS ON THE EFFECT OF THE HIGH 
CONCENTRATION OF ORGANIC OR AMMONIACAL 
NITROGEN ON NITRIFICATION IN SOIL.* 

BY 

N. V. JOSHI, B.A., L.Ag., M.Sc. (Bomb.) 

1st Assistant to the Imperial Agricultural Bacteriologist. 


In order to find out the optimum quantity of organic material to be used for 
nitrification experiments, experiments were conducted with different amounts of 
oilcake and, side by side, similar amounts of nitrogen w'cre used in the form of 
ammonium sulphate, and it was found that beyond 90 mgms. of nitrogen per 100 
gms. of soil and quantities higher than that did not show any accumulation of 
nitrates but only large quantities of ammoniacal nitrogen vrere found to be present 
and sometimes nitrite nitrogen also. After some time ammoniacal nitrogen as well 
as nitrite nitrogen tended to disappear altogether from the soil. The soil used for 
the experiments was taken from fields recently brought under cultivation. 

The causes assigned for these changes were such as fitted in with the knowledge 
of the physiological activity of the nitrifying organisms (as ascertained by the early 
workers in this field), viz.y the presence of large amounts of organic matter^ which 
is considered detrimental to nitrifying organisms and (2) the presence of large 
amounts of ammoniacal nitrogen ^ (generated as a result of chemical and biological 
changes) which is supposed to inhibit nitrification. It has been, however, found by 
later workers® that nitrifying organisms can tolerate much larger amounts of organic 
matter and ammoniacal nitrogen than those given by the early investigators. 

In our experiments further on with other soils, e.g., rich garden soil, soil near the 
manure pits, etc., it w'as found that up to 90 mgms. of organic nitrogen per 100 gms. 
soil could be nitrified without any accumulation of large amounts of ammoniacal 
nitrogen. Hence it is open to doubt whether the causes given are sufficient to ex- 
plain away the non-appearance of the nitrification activity when large amounts of 
organic manures or ammoniacal salts are added to the soil. 

In order to find the reasons for this, therefore, an experiment was started on 
new lines. The soil from the field w^as incubated with the optimum quantity of 
oil-cake or ammonium sulphate, as the case may be, for about six weeks and then 

* Paper reskd before the Agricultural Section of the fifteenth session of the Indian Science Congress 
held at Calcutta in January 1928. 

^Winogradsky, 8. 1890, 1891. Reoherches sur les organisms de la nitrification. Ann. Inst. 

Pasteur, p. 4, pp. 218-367, 760-771. 

^ BooUftng&r and Masol. Etudea sur los Microbes Nitrifications. Insf. FasL p. 17, pp. 

492-620. 

® Fred, E. B. and Davcnportf A. Organic compounds and Nitrification. Soil Fc. Vol. XI» p. 389 
(1921). 

Joshi, N. V. Intenaive Nitrifying, ate. Agtic. Jour. India, VoL XX, pp. 20-36, 1926. 
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washed free\)f its nitrates, and this washed soil was tested for its capacity to nitrify 
cake and ammonium sulphate as the case may be, and it was found that this washed 
soil could nitrify large quantities of organic nitrogen (120 mgms. per 100 gms. soil) 
without the accumulation of ammoniacal nitrogen, showing that the soil treated in 
this way is^ so to say, activated in such a way as to be able to nitrify large quantities 
of organic or ammoniacal nitrogen. 

This result we are inclined to attribute to the large increase in the soil of the 
numbers of nitrifying organisms which are able to deal with large quantities of 
ammoniacal nitrogen as it begins to form either from cake or by the interaction of 
ammonium sulphate and calciunf* carbonate. Also, side by side, the proportionate 
decrease in other organisms or the ratio between nitrifiers and non-nitrifiers is 
altered in such a way as to favour the nitrification process. 

As already pointed out above, Fred and Daveni)ort who carried on investigation 
on the physiological activity of the nitrifying organisms have observed that the 
nitrifying organispas can grow in the presence of large quantities of organic matter. 
In our study on the process of intensive nitrification of urine, ^ it was observed by us 
that nitrite and nitrate forming organisms could gi ow on ordinary agar along with 
other organisms. These impure cultures growing on ordinary agar (with Lemco and 
peptone) when inoculated into Omelianski and nitrite solution were able to form 
nitrites and nitrates. These impure cultures showed two or three kinds of organism, 
when examined under the microscope. Later some strains, which (so far as micros- 
copic examination and cultural appearance could show) may be considered pure 
cultures, were isolated and these could be grown on ordinary agar for one transfer 
(two or three days) only and these when inoculated into Omelianski and nitrite 
solutions could show nitrites and nitrate formation, as the case may be, but after 
growing for this short time, loss of nitrifying power occurred. This loss of nitrifying 
power could sometimes be recovered by re-inoculation into Omelianski solution and 
nitrite culture solutions. 

Unfortunately, these organisms could not be grown continuously for a longer 
period on ordinary agar. 

In any case these strains were of a kind suitable for our purpose of inoculation 
in a new experiment. In this experiment an attempt was made to find out whether 
it is the nitrite or nitrate formers* which influence the course of nitrification, whether 
it is the strain of nitrifying organisms or the numbers which affect the rapid nitri- 
fication and tolerance of high content of NH^ noticed in the process of intensive 
nitrification. 

From the tables attached, it may be seen that it is the nitrate forming 
organisms and their number contained in the inoculum that cause increased 
nitrification and tolerance of NH3 in the case of cake or ammonium sulphate. 

It appears that nitrite forming organisms are not of any great help probably 
because they are already present in sufficiently large numbers. One other reason 

^ Jpshi, N. V. Intensive Nitrifying, etc. Agric. Jour, India^yol, XX, pp. 20-36, 1^26, 
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why the nitrite forming organisms are not of any great help in the nitrification pro- 
cess appears to be that the nitrates are probably the most stable product of this 
process and that the intermediate products that are formed, viz., ammoniacal salt 
and nitrites are comjwunds which are unstable in the soil and are decomposed if 
not rapidly converted into nitrates. 

As a test of this hypothesis, an experiment was conducted with 120 mgms. of 
nitrogen in the form of oil cake, ammonium sulphate, sodium nitrite and potassium 
nitrate added to the soil, it was found that nitrite nitrogen disappears most in a 
short time. Next in order comes ammonical nitrogen. It might be that the 
nitrogen is converted into organic nitrogen or it might have escaped as free nitrogen. 
This requires further trials. It is also necessary to work with smalh^r amounts of 
nitrite and ammoniacal nitrogen. 

In any case it is more or less established that large quantities of nitrite nitrogen 
and ammoniacal nitrogen, if present in the soil, wdll be wasted unless converted 
into nitrates by the nitrate forming organisms. 

In order to see whether the supposition that the nitrate forming organisms have 
multiplied in large numbers in our experiments cited above is correct, it was 
proposed to observe the correlation between the amount of nitrates formed and 
the number of organisms observed in the soil by the direct counts under the 
microscope. The tables are attached. Owing to these counts including all kinds 
of bacteria, it is not quite clear whether there is any correlation, but it can l)e 
said that, wherever the nitrification is going on, the number of organisms is 
maintained at a higher level for a longer period than in thosc^ cases wdi<u*c 
nitrification does not proceed. 

Table I. 

Soil + 16 % Moisture =:Control. 

Soil d’ 16 % Moisture + 6*5 % Extracted Oil-cake. 

Soil -f 16 % Moisture 4 J % Extracted Oil-cake. 

Soil + 16 % Moisture + 1*5 % Extracted Oil-cake, 

Soil + 16 % Moisture +2 % Extracted Oil-cake. 

Soil 4* 16 % Moisture + 3 % Extracted Oil-cake. 




Mgms, kitrogen as ammonia, nitrites and nitrates 

Treatment. 

■ 

1st week 

2nd week 

3rd week 

4th we<^k 

Otli w(*ek 

Sth week 

1. Control . . ^ 

N. as 
NHg 
NOa 
NO, 

2-62 

0*8748 

2*7 


2*52 

Trace 

4*8 

Trace 

00 

15-96 

Tiat^e 

4*8 

3*36 

Trace 

6*0 

2. Control 4- 0*6% f 
cake 1 

NH, 

NO, 

NO, 

18*48 

0*972 

1*2 

7*56 

3*11 

4*2 

5*88 

0*15i)5 

15*6 

14*28 

Trace 

24*0 

10‘92 

0*0583 

24*0 

5*04 

Trace 

24*0 
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Table I — contd. 


Mgms. niteogen as ammonia, tiitbites anp nitbatbs 


Treatment. 

■ 

1 st week 

2 nd week 

3rd Week 

4th week 

6 th week 

6 th week 

3. Control + 1%^ 

cake. t 

N. as 
NH 3 1 

NO* 

NO* 

22*68 

0*3888 

0*9 

14*28 
! 2*332 
; 2*1 

10*08 

1*6552 

3*6 

15*96 

3*110 

Trace 

6*72 

2*332 

24*0 

8*4 

Trace 

37*5 

4. Control -f 1*6 %< 
cake t 

NH 3 

NO. 

no; 

31*08 

0*2916 

Trace 

24*36 

3*110 

Trace 

23*52 

1*944 

2*7 

16*8 

3*11 
Trace * 

9*24 

0*7776 

3*2 

10*92 

Trace 

6*8 

5. Control -f 2 %< 
cake. 

NH 3 

NO* 

NO 3 

47*88 

0*03888 

Trace 

69*72 

0*3110 

Nil 

76*44 

0*7775 

Nil 

67*2 

0*7776 

Trace 

56*28 

0*1944 

Trace 

98*28 

0*7776 

Trace 

6 . Control + 3 %< 
cake- i 

NHg 

NO* 

NO 3 

07*2 

Trace 

Trace 

73*92 

Nil 

Nil 

107*62 

0*1166 

Nil 

88*2 

0*0972 

Trace 

71*40' 

Trace 

Trace 

111*72 

Trace 

Trace 


Table 11. 

1. Soil + 16 % Moisture + 30 mgms. N. (per 100 gms. soil) as (NH4)2 SO4. 

2. Soil + 16 % Moisture + 96 mgms. N. (per 100 gms. soil) as (NH4)2 SO4. 

3. Soil + 16 % Moisture + 120 mgms. N. (per 100 gms. soil) as (NH4)2 SO4. 

4. Soil + 16 % Moisture + 200 mgms. N. (per 100 gms. soil) as (NH4)2 

5. Soil + 16 % Moisture + 300 mgms. N. (per 100 gms. soil) as (NH4)2 ^^4- 


Treatm ent. 

■ 

Mgms. nitrogbn as ammonia, nitbitbs and niteatbs peb 100 

QMS. SOID 



i 

Ist week 

2 nd week 

3 rd week 

4th week 

6 th week 

8 th week 

1 . Soil +16 % Mois- r 

N. as 
NH, 

24*36 

20 - 8 fi 

15*12 

12*48 

11-62 

8-4 

ture -1' 30 mgma.< 

NOa 

0*3888 

2*5264 

3*888 

3*888 

0-972 

0*0777 

N. as (NH 4 ) 3 S 04 . 1 

NOj 

2*4 

3*0 

3*0 

9*6 

18-0 

24*0 

2 . Soil + 16 %Mois- C 
ture -f 90 mgms.< 

NH, 

67*20 j 

61*32 

60*24 

47*88 

10*08 

12-48 

NOa 

Tr8M3e 

0*5832 

1*166 

3*888 

2*332 

3*498 

N. as (NH 4 ) 3 S 04 . 1 

NO, 

1*2 

1*8 

2*4 

3*6 

6.0 

7-2 

3. Soil + 16% Mois. C 

NH, 

88*34 

82*18 

77*38 

68-74 

33*32 

31*08 

ture + 120 mgmB.< 

NO, 

Trace 

0*07776 

Trace 

4-869 

3-498 

3*888 

N. as (NHjjSO^. 1 

NO, 

1*2 

1*2 

1*8 

1-8 

2-1 

2*4 

4. Soil + 16% Mois- r 

NH, 

131*04 

126*0 

110*88 

110*88 

63*84 

34*44 

ture + 200 ingins.< 

N. as (NH*) 3804 . 1 

NO, 

Trace 

0*07776 

Trace 

6-832 

0*972 

4*860 

NO 3 

1*2 

0*9 

Trace 

2*1 

1*2 

2*7 

6 . Soil 16% Mois- ( 

NH 3 

189*84 

183*96 

117-36 

142-8 

78*2 

38^ 

ture 4 300 mgms.W 

NO, 

Trace 

0*07776 

Trace 

0-1944 

0-0972 

4*860 

N. as (NH^ljSO*. \ 

NO 3 

1*2 

0*9 

Trace 

2-1 

m 

1*2 

2r7 
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Table III. 


Nitrijimtion experiment mth oil-cake and ammonium, sulphate at 30 mgms. nitrogen 
and 120 mgms. nitrogen per 100 gms. soil. 




Moms, mtiiocen as ammonia nitrites avd nittiates 

Treatment. 


1st week 

1 2nd week 

3rd week 

4th week 

Soil 4- Extracted Sarso cake (Vi; 30 J 
mgms. N. per 100 gms. soil. | 

N. as 
NH, 
NO, 
NO, I 

16*8 

1*0886 

12 

7*98 

6*9984 

4*8 

1 

8*4 

0*5832 

18*0 

6*72 

0*03888 

18*0 

Soil 1- Extracted Sarso cake lO" J 
120 mgms. N. per 100 gms. soil. | 

Nil, 1 
NO, j 

no; ! 

47*64 ' 

mi 

1*2 

I 

42*12 

0*03888 

Nil 

42*84 

Nil 

Trace 

27*3 

Nil 

0*9 

Soil -f Am.^SO* 30 mgms. f 

Nitrogen per 100 gms. soil | 

NH, 

no; 

NO, 

25*2 

2-916 

Trace 

7*56 

5*832 ! 

4*8 

5*46 

2*016 

12*0 

3*74 

0*01944 

31*2 

Soil -f Am 2 SO4 120 mgms. f 
Nitrogen per 100 gras, soil ] 

NH, 

NO, 

NO, 

01*98 

0*02916 

Trace 

83*50 

0*0486 

Trace 

68*88 

0*0777 

0*9 

34*86 

0*0388 

0*9 


Nitrification experiment with the soil in which nitrification had gone on for 4 weeki 


Soil previously nitrified and con- 
taining 18 mgms. Nitrate Nitro- 
gen initially -f- 120 mgms.-^ 

Nitrogen per 100 gms. soil in the 
form of oil-cake. 

Soil previously nitrified and 
washed out and containing no 
nitrate nitrogen initially -f- 120 
mgms. Nitrogen per 100 gms. 
soil in the form of od-cake. \ 


NH, 

73*36 1 



10*92 

NO, 

2*3328 

0*3888 


0*03888 

no; 

21*6 

43*2 


72*0 

NH, 

73*92 



9*24 

NO, 

2*916 

0*3499 


0*0582 

NO, 

6*0 

62*4 


78*0 


Table IV. 


Nitrification experiment. 




Moms, NITKOtiKN as ammonia nitrites and nitrates 

Treatment 


Ist week 

2nd week 

3rd week 

4th week 

1. Soil -4- 16%Mol8ture (Control)-*^ 

N. as 1 
NH, 
NO, 
NO, 

2*10 

Trace 

3*3 

3*78 

Trace 

3*6 

0*1944 

4*5 

Nil 

5*4 

2. Control -f- Cake @ 90 mgms» f 
Nitrogen per 1<W gms soil. 1 1 

NH, 

NO, 

NO, 

46*36 

0*6998 

Trace 

27*4 

2*916 

2*4 

4*665 

3*6 

10*92 

4*66 

7*2 
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Table Vf—cmtd. 


Nitrification experiment. 




Moms, nitbooen as ammonia nitrxtbs and miTRATBS 

Treatment 


1 st week 

2 nd week 

3 rd week 

4th week 


N. as 





3. Same as Number 2+1 c.o. C 

NH, 

46-2 

42-42 


16*96 

culture of .nitrate formers^ 

NO, 

0*388 

2*022 

3*888 

2*333 

autoclaved. [ 

NO, 

Trace 

1*2 

2*1 

2*4 

4. Same as Number 2+10 c.o. f 

NH, 

49*98 

43*68 

, , 

14*7 

culture of nitrate formers*^ 

NO* 

0*3888 

2*498 

3*888 

4*667 

autoclaved. 1 

NO 3 1 

3*0 

3*6 

5*4 

6*4 

5. Same as Number 2 with 1 c.c. J 
culture of nitrate form era | 

NH 3 

NOa 

NO, 

50*4 

0*3888 

Trace 

44*94 

0*3888 

1*2 

3*11 

2*1 

20*16 

3*888 

3*0 

6 . Same as Number 2 with 10 o.c. j 
culture of nitrate formers, j 

NH 3 

NO 3 

NO 3 

I 40*74 

1 0*3888 

3*3 

43*26 

1*944 

6*0 

*0*311 

36*0 

11*34 

0*1944 

62*8 

7. Same as Number 2+1 c.o. j 

NHe 

44*10 

43*68 

. . 

1008 

culture of nitrite former 8 < 

NO* 

0*3888 

1*656 

3*11 

1*944 

autoclaved. 1 

NO 3 

Nil 

0*9 

3*0 

6*4 

8 . Same as Number 2 + 10 o.c C 

NH 3 

43*36 

42*84 


14*28 

culture of nitrite formers^ 

NO* 

0*3888 

1*3996 

*3*5092 

1*944 

autoclaved. 1 

NO 3 

Nil 

0*9 

1 3*0 

6*4 

9. Same as Number 2+1 c.c. j 
culture of nitrite formers. ] 

NH 3 

NO, 

NO 3 

42*42 

3*888 

Nil 

44*10 

1*562 

0*9 

*2*916 

3*0 

1 17*64 

2*333 

6*4 

10. Same as Number 2 + 10 c.c. / 
culture of nitrite formers. ] 

NH 3 

NO, 

NO, 

44*94 

0*3888 

Nil 

42*0 

1*1604 

0*9 

3*888 

3*0 

14*70 

3*11 

6*4 


Table V. 

Soil + 16 % Moisture=Coiitrol. 

Soil + 16 % Moisture +Extract€d Sarso Cake @ 120 mgms. N. 

Soil + Amj SOj @ 120 rngins. N per 100 gms. soil + 16 % Moisture- 
Soil + NaNOj @ 120 mgms. N per 100 gms. soil + 16 % Moisture. 
Soil + NaNOg @ 120 mgms. N per 100 gms. soil + 16 % Moisture. 




M(3MS. NI'TBOaBN AS NH,, NO,, AND NO,. 

Treatment 


Iflt week 

2 nd week 

3rd week 

4th week 

6 th week 

8 th week 

Control . . . 

Control -f' Cake @ C 
120 mgms. N. per< 
100 gms. soil. \ 

Control •+ (NH,)^ f 

SO 4 @ 120 mgms. 

N. y>er 100 gms.< 
soil. 

N. as 
NH, 
NO, 
NO, 
NH, 
NO, 
NO, 
NH, 
NO, 
NO, 

4*20 

0*3888 

Nil 

36*96 

Traces 

Nil 

100*8 

Trace 

Nil 

1*68 

Nil 

3*76 

51*24 

Nil 

Nil 

90*72 

Nil 

Nil 

1*68 

Nil 

Trace 

46*2 

Nil 

Nil 

78*12 

0*3888 

Traces 

2*32 

Nil 

4^6 

42*0 

1*1664 

3*0 

26*2 

6*832 

6*0 

2*62 

Nil 

4*6 

26*2 

7*29 

3*0 

19*32 

7*29 

6*0 

6*72 

Nil 

3*6 

18*48 

2*916 

$-0 

22*08 

1*944 

7^*6 
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Table V- 



Mgms. nitrooeiT as NH ., NO.,, and NO,. 


3id wc(‘k 4th week 6th week 8th week 


Control 4- NaNOjj@ T 
120 mgnis. N. per-^ 
100 gms. soil. i 

Oontrol 4 NaN()3(Fi) ( 
120 mgms. Nitro- | 
gen per 100 gms.-^ 
soil. I 


8*4 

8- 748 

9- 0 
6-04 
0-7776 

120-0 


6-04 
2-432 
9-0 
6-72 
0-5832 
120 0 


6-72 

3-8888 

12-0 

3-.36 

3-888 

90-0 


7-56 

1- 944 
6-0 

2- 52 
0-1944 

96-0 


Table VI. 



1. Soil -f 16 % Water 


2. Soil -f Cake (d) 120 mgms, f NH3 

Nitrogen 4- Water 16 NO^ 

I NO, 

3. Soil f- AniavSO*|@l20 mgms. f 

Nitrogen 4 Water 16%.'< 


4, Soil 4 Inoculum of Nitrify- C 

ing culture 10 00.4—^ 

Water to make up 16%. I, 

5. Soil 4- Inoculum of Nitrify- f 

ing cultm-e 10 00. 4 - Water I 
to make up 16 % -f C*ake< 
@ 120 mgms. Nitrogen, \ 


6. Soil 4 Inoculum of Nitrify- 
ing culture 10 CO. 4- Water 
to make up 16 % 4- 
(NH4)2S()4 @ 120 mgms. 
Nitro e:cn. 


M(JS. NITRO(JEN PER 100 OMS. SOIL 


Istweck 1 2nd work 4t}i week 6tl) work 8th week 


47-88 

0-05vS3 

A47 

105-84 

0-0777 

Trace 

46 2 
0-1166 
7-8 


109 2 
0-3888 
7-8 


91-56 

0lir>6 

'rni(-(* 


63-84 

0-1555 

6-0 


5-8S 

0-1166 

12-0 



Number of organisms in millions per gram, of sod 


CO 5 2 

4-2 8-(!4 

0-4 4-7 

4-5 (5-0 

34 f'-8 

2-3 2-72 

»-3 2-8 

2-<i 3r, 

8-9 72 

6-7 58 

7-2 » 8-8 

7-84 7-7 
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Table VII. 


Mgms. niteoobn as ammonia, nitbites and nitrates 


Treatment 


1. Soil + J6 % HjO-f (NH4 )j 
SO 4 @ 30 mgme. Nitrogen. 


2. Soil + 16 % HaO 4 Cake 
@ 30 mgms. Nitrogen. 


3. Soil + 40 o.c. inoculum 

of Nitrifying organisms 4 
Water to make up to 16%- 
4- (NH4)2S04 @ 120 mgms. 
Nitrogen per 100 gms. 
soil. 

4. Soil 4' 40 c.c. inoculum of 

Nitrifying organisms 4- 
Water to make up to 16%- 
-f- cake (f.f 1 20 mgms. 
Nitrosien per 100 grns. soil. 


1st week 

2nd week 

4th week 

6th week 

46-36 

4-20 

6-88 


1-5652 

2-721 

1-944 


1-6 

4-8 

18-0 


14-28 

40-32 

6-72 

8-40 

0-486 

4-0824 

0-3110 

0-0777 

1-8 

6-0 

22-5 

24-0 

98-28 

33-6 

60-48 

9-24 

0-3888 

0-6832 

0-777 

0-03888 

24-0 

19-2 

36-0 

36-0 

26-2 

69-64 

68-8 

31-92 

0-0777 

0-6998 

1-556 

0-03888 

21-6 

24*0 

10-5 

66 0 



Number of organisms in millions per gram , of soil. 


0-9 

1-66 

4-4 

3*68 

0-9 

2-2 

»[7-8 

4-08 

3-6 

6-4 

10-7 

10-2 

8*4 

110 

10-4 

12-2 




Mgms. nitrogen a*^ ammonia, ntthites and nitrates 



1. Soil 4- Inoculum of nitrify- f 

ing organisms, 10 c.c. 4- 
(NH 4)280 4 @ 30 mgmsx 
N. per 1(X) gms. soil 4- [ 
HjjO to make up 16 %. 

2. Soil 4- Inoculum of nitrify- 

ing organisms, 10 c.c. 4“ 
Cake 30 mgms. N. per-< 
100 gnoB. soil 4- HjO to 
make up 16 %. 



3'36 
0-3110 
21 0 


504 

01166 

24*0 


5*04 

0-1166 

33-6 


5'04 
01944 
27 0 


4-20 

0-03888 

30-0 


5*04 

0-03888 

27-0 


6-72 

0-1044 

21-0 
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Table VIII — contd- 


Treatment 


MaM8. NITEOOBN AS AMMONIA, NirEITIBS AND NITBATBS 


1st week 

2nd week 

4th week 

6th week 

8th week 

3. Soil ■+* Inoculum of nitrify- i 
ing Organisms, 40 c.o. 
Water to make up to 10%. ( 

r 

N. as 
NHa 
NOa 
NOa 

10-92 

0-1944 

24-0 

3-36 

0*1555 

22*5 

3-36 

0-0777 

30-0 

4-20 

0-03888 

300 

3-36 

Trace. 

24-0 

4, Soil -f Inoculum of nitrify- | 
ing organisms, 40 c.c. ~f- 
Water to make up to 10% 
-f AinjS 04 @ 30 mgms. | 
Nitrogen. 

r 

1 

i 

NH, 

NOa 

NO, 

8-40 

0-311 

28-8 

3-36 

0 -1655 
36-0 

5-88 

0-1944 

WO 

1 

4-20 

0-0388 

43-2 

6-72 

0*1944 

37-6 

1 

5. Soil -h Inoculum of nitrify- 
ing organisms, 40 c.c. -}' I 

Water to make up to 10 
-f- Cake @ 30 mgms. | 
Nitrc»gen. 


NH, 

NO^ 

NO, 

10-08 

0-777 

21-6 

7-56 
0-3130 
33 0 

1-20 

0-0777 

38-4 

5-04 

0-0777 

45-0 

1 

7 -60 
01D44 
390 


Number of organisms in millions per gram,, of soil. 


2-3 

4-5 

3-72 

6*1 

2-5 

41 

5-7 

3*5 

6*9 

2-5 

3*0 

4-3 

304 

8*0 

2-0 

3-9 

52 

5*6 

10*2 

3-5 

70 

4-7 

5*4 

140 

4-4 
















NOTES 


LONGEVITY OF SUGARCANE POLLEN. 

In the endeavour to combine the desirable qualities of certain varieties of plants, 
those engaged in hybridization work are often faced with the difficulty that the 
varieties it is desired to cross with each other, come into bloom at different periods, 
and sometime the same variety flowers in one locality but fails to do so in another. 
In sugarcane breeding, for instance, the interval between the arrowing of sugarcane 
varieties — four weeks or more in certain cases — has always stood in the way of cross- 
ing varieties which it would be very desirable to mate. To give an example, 
P. 0. J. 2725 and P. 0. J. 2696 flower about the middle of October, while B.6308 
and Q. 813 do not arrow till about the middle of November or later ; and the tropical 
types as a class flower earlier than the indigenous Indian canes. 

One sure way of bridging over the flowering interval in time and space is to 
prolong the viability of pollen. The pollen of various species of plants has been 
stored alive for quite a long period imder (1) definite relative humidities, (2) low 
temperature, and other suitable conditions. Pfundt ^ kept the pollen of Pinus 
sylvestris alive for 279 days, of Primus jpadus for 181 days, and of Digitalis jmrpnrea 
for 172 days over H2SO4 ; while according to Knowlton ® the maximum duration 
of germinative ability of Antirrhinum pollen was 670 days, and of fertilizing power 
161 days. It is further a matter of common knowledge that the Arabs preserve 
a few branches of staminate flowers of date for use in the following year. 

The pollen of grasses is, in particular, very short-lived. Andronescu ^ working 
on corn pollen found that the pollen in sealed tubes lived for 24 hours and that in 
90 per cent, moisture for 48 hours. Anthony and Harlan^ found that barley pollen, 
24 hours old, produced a greatly decreased percentage of fertilization, while pollen 
48 hours old was incapable of effecting fertilization. According to Knowlton ^ 
com pollen remained viable longest under conditions of moderately low temperature 
(5® to IC'C,) and moderately high humidities (50 to 80 per cent/). The maximum 

^ Pfundt, Max. Der einfliie der Luftfenchtigkeit auf die Lebengdauer des Bluthenstaubee. Jahthf 
wi8S. Hoi, Vol. XLVII, pp. 1‘40, 1910. 

-Knowlton, H. E. Studies in pollen with special reference to longevity. CorneU Univ. Agii* 
Expt, Sla. Mem. 62, pp. 761-793, 1922. ^ 

2 Andronescu, 1). 1. The physiology of the pollen of Zea Mays with special regard to viialiiyt 
pp. 1-36. Univ. of lUinoia (Unpublished). 1916. 

^ Anthony, 8., -and Harlan, H. V. Germination of barley pollen. Jour. Agri. Mea. VoL XV|1I» 
pp. 625-536. 1920. 
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duration of retention of fertilizing power, lie states, was from 70 to 80 hours. The 
preservation of sugarcane pollen received attention from Venlvatranian/ who 
designed special crates in which sugarcane arrows could be kept without the anthers 
protruding out of the flower and thus preventing their dehiscence. 

Owing to the importance of preserving the viability of pollen to sugarcane- 
breeding, experiments were undertaken at the Imperial Sugarcane Station, Coimba- 
tore, in the arrowing season of 1927 to find out the most favourable conditions under 
which sugarcane pollen would kee]) viable for a desired length of time. The results 
obtained are briefly given below : — 

(а) P. 0. J. 2696 pollen kept on 6th November 1927 at 8. a.m. was placed 

inside a desiccator and the air of the desiccator partially exhausted. 
The desiccator was kept at a temperature varying from 9° to 13' C. 
The control on 6th November 1927 gave 660 germinations out of 2,200, 
with very long pollen tubes. The pollen kept in partial vacuum 
gave thirty germinations at 8 A.M. on 10th November 1927, i.e., 96 
hours after keeping in vacuum. 

(б) Maur. 131 pollen was kept on 27th November 1927 in corked and para- 

fined glass tubes at temperatures varying from 9"* to 13^^ C. The 
control gav(^ 660 germinations out of a total of 2.500 grains. The 
stored pollen gave 126 germinations on 2nd December 1927, and the 
* pollen tubes were of medium length. With the same pollen, on 4th 
December, 1927, i.e,, 168 hours after keeping in tubes, ten germina* 
tions were obtained, but the pollen gi’ains inside the glass tube were 
found to ha\'e adhered together or caked. 

The availability of a suitable culture medium ^ for artilicially growing sugar- 
cane })ollen enabled the testing of pollen viability. It need hardly be pointed 
out that the capacity to germinate under artificial conditions does not indicate that 
the same pollen will be capable of fertilizing the ovide, w hile on the* other hand the 
pollen which fails to genninate artilicially has been found to effect fertilization 
after a long time, suggesting that the fertilizing abilit)^ nia}' outlast the power to 
germinate under artificial conditions. The success, in being able to store alive 
the sugarcane pollen for seven days, is somewhat of an advance over the storing of 
corn (i^dronescu^) and barley (Anthony and Harlan^) pollen for three and two days 
respectively ; but as the aim is to prolong the viability of sugarcane pollen for four 
weeks or more, the investigation is being continued. [N. L. Dutt.] 


1 Venkfttrftmu). T. S. GormiDfttion ftnd presorvatiou of sugaroauo pollen. Agri, Jour, India, 
Vol. XVII, Pt. II, March 1982, pp. 127-132. 

* Dutt, S. Ij., and Ayyar, G. G. Germination of sugarcane pollen in artiiicial culture media. Agri. 
Jour. India, Vol. XXIII. Pt. Ul, May 1028, pp. 190-202. 

"Loc. cU, 

* 106 . 00 . 
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A NOTE ON GLUTINOUS ^CE. 

Bora or Birain {Oryza Saliva var. Glutinosa), 

There are a good many varieties of rice familiar to the cultivators of Assam 
under various names and possessing particular properties which make their cultiva- 
tion suitable to particular localities. They are generally classified according to the 
level of the land on which they are grown, the period taken for maturity and the 
time of harvest. They may be classified as Aus (Autumn rice) Aman (Winter rice) 
and Boro (Summer rice). The Aman paddy consists of 4 sub-classes, m., Sail, 
Aman, Asia and Bora or Birain. Except in Aus, the latter is found in all 
the other three sub-classes and in Boro. They may l e briefly stated as 
follows : — 

Sail Bora. Sail Bora is grown along with Sail on land almost as high as Aus 
land or somewhat lower. It is always transplanted, sown from June- July, trans- 
planted from July-September and harvested from November-December. The 
outturn is somewhat less than Sail proper, ranging from 1,600 lb. to 2,000 lb. per 
acre. 

Asra Bora. Asra Bora is grown in Asra land and thrives well in 2 to 6 ft. of 
water. It is either sown broadcast or transplanted as the opportunity occurs, 
although the outturn is higher when transplanted. It is sown from March to June, 
transplanted from May to August and harvested from November-D^ember. The 
outturn is better than Sail Birain, being from 2,000 lb. to 2,400 lb. 
per acre. 

Aman Bora, Aman Bora is grown well in 6 to 12 ft. of water as in Aman. They 
are always sown broadcast as the flood water sometimes affects them very badly. 
It is sown from March to May and harvested from November to December. In 
most low-lying places sowing takes place even a month earlier. The outturn is 
from 2,400 lb.* to 2,800 lb. per acre. 

Boro Bora. The cultivation of Boro Bora is exactly like that of Boro paddy 
(marsh land paddy). It is grown by the side of the Beels or Haors (large natural 
depressions) which are left dry by the receding of water in the cold weather. A 
somewhat higher slope is selected for this class. It is always transplanted and 
irrigated. It is sown in November, transplanted from December to January and 
harvested in April and the outturn ranges from 2,400 lb. to 3,200 lb. per 
acre. 

There are various types of Bora in each class. Some with white kernel, some 
with red, while some are scented and some fine, but most of them are coarse* Bora, 
when stored for a long time, loses its glutinous quality. 

The kernels of Bora paddy are rather soft in texture and when broken show a 
white opaque appearance. They are very coarse, highly glutinous, and whift boBad, 
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assume a sticky but somewhat repulsive appearance to persons not accustomed to 
them. They are not taken as ordinary rice but as Indian pastries and pudding. 
There are 99 varieties of this class of rice in the Assam Valley and 58 in the Surma 
Valley of Assam. 

In cooking this rice, water is kept boiling in an earthen pot and rice is put in 
another small perforated earthen pot placed on its mouth and then covered with 
a lid. The rice gets boiled with the steam from below as is generally done in a double 
boiler. The joint of the two pots is plastered with mud so that no steam can escape 
by the side. Water is sprinkled at intervals on the pot above. In this way the 
rice is not over-boiled and is taken with relish either with milk or curd. They are 
also roasted on fire in gi'een bamboo culms. 

In Assam Valley Bora rice is prepared in a special way. Bora dhan is boiled to 
such an extent that the swelled kernels partly come out of the husk. They are 
dried on the same day and then husked. This rice, when kept soaked for an hour, 
will get softened as soaked flat rice (chira). It is then taken as ordinary boiled rice. 
The cultivators very often use this rice for their noon meal as they cannot cook 
their food when working far away from home. Here it seems, it has a commercial 
possibility. If introduced, it will help the factory or mill labourers in large towns 
who may take this for their noon meal instead of having a dry lunch. It may also 
be used in manufacturing starch, cement and glue. Whether this rice can very well 
be used in bread-making and pastries for hotels is yet open to investigation and 
research. [S. K. Mitba.] 


SUGARCANE SURVEY OF NEW GUINEA BY AEROPLANE. 

The United States Department of Agriculture has organized an expedition under 
the leadership of Dr. E. W. Braudes, who will use an aeroplane in searching the 
unexplored wilds of New Guinea for disease-resistant cane varieties that may prove 
useful to the industry in Louisiana and other parts of the south. Dr. Brandes will 
be accompanied by Dr. Jakob Jeswiet, formerly chief of sugar plant breeding work in 
Java, now of the University of Wageningen, Holland. They will also be joined by 
C. E. Pemberton, Entomologist of Hawaiian Sugar Planters’ Association Experi- 
ment Station, and proceed to Port Moresby, the base of the expedition on the south- 
east coast of New Guinea. The Aeroplane w^ill be furnished by B. G. Dahlberg, 
president of the Celotex Co. Equipped with pontoons for landing on rivers, lakes 
or other bodies of water, it will make possible the exploration of the interior portions 
of the Island otherwise inaccessible or difficult to reach. The study is expected to 
take from six to eight months. The Australian Government is co-operatmg to make 
the expedition successfoL (The IfUemcUional Sttgar Joumaly Vol. XXX, No. 355, 
July 1928, page 386.) 

a 
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FACTORS INFLUENCING THE SEVERITY OF THE CRAZY-TOP DISORDER 

OF COTTON. 

The following summary is extracted from V. S» Department of Agriculture Bull. 
1484 by C. J. King and H. F. Zoomis : — 

A new disorder of cotton plants began to attract attention in the Salt River 
Valley of Arizona in 1919 and became so prevalent in the seasons of 1924 and 1925 
as to cause serious financial losses to the cotton growers, on account of the sterility 
of the plants and the resulting low yields. 

Since the first description of the disorder by Cook, in 1923, its occurrence over 
a wider range of cultural conditions has afforded evidence that the crazy-top injuries 
are closely associated with unfavourable cultural conditions which produce stress 
effects in the plants. Although there are symptoms which are distinct from any of 
the ordinary stress conditions observed in cotton plants in other regions, the extent 
of injury is so definitely determined by the conditions that cultural methods are 
indicated as a practical treatment for the disease. 

A comparison of areas cropped to cotton for several years with adjoining are^s 
where cotton followed alfalfa showed either a complete absence of the disease or 
only a few slightly affected plants on the land previously in alfalfa, while the areas 
cropped continuously to cotton showed a large proportion of affected plants, many 
of which were seriously deranged. 

The recovery of disordered plants when favourable growing conditions were 
restored and the failure of preliminary attempts to inoculate healthy plants indicate 
that the disease is of such a character that its development is caused by poor cul- 
tural conditions rather than by infection. Although the close relations with stress 
conditions suggest that the disease may prove to be of a physiological character, 
careful study should be given to the possible existence of an infective principal 
whose injurious effects may be in evidence only when the plants undergo stress 
conditions, although definite injuries may be shown in plants that grow to large size 
before the end of the season. 

The association of the more striking and serious injuries with cemented soils, 
impervious soil strata, steep grade of land, and areas continuously cropped to cotton 
for several years would indicate that these factors have some influencr on the inci- 
dence of the disease as well as on its severity, but do not offer conclusive evidence 
regarding the nature of the disease. 

Fewer diseased plants and milder symptoms were observed on the outside rows 
and at the lower end of fields with steep gradients than on the inside area, indicating 
that an increased supply of moisture or a more regularly available supply was a 
controlling factor in such fields. 

Rotation with alfalfa or modified methods of irrigation which bring about deeper 
penetration of water and a more constant supply of available moisture in the lower 
root zone would appear to be the most practical measures for oontroUii^g the dis^a^. 
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RELATION BETWEEN WATER AND POTASH IN PLANT PRODUCTION. 

The following extract is from the Jour, of Agr, Res,, 35, No. 10 : — 

Introduction. 

The beneficial effects of potash fertilizers in dry seasons are mentioned by Hall 
in his description of the Rothamsted experiments. The relation between potash 
fertilizers and the economical use of water by crops has also been discussed by Von 
Seelhorst. Hall considers that plentiful potash prolongs the gi'owi-h of the plant 
and offsets the ripening action of the phosphoric acid, which in the absence of potash 
acts prematurely and the action is intensified by the heat and dryness. The opinion 
of Von Seelhorst is that the potash effect is in accord with thtj law of the minimum, 
and he shows that if nitrogen or phosphorus is the scarce element, its addition will 
likewise produce a more efficient use of water by the plant. 

As part of a study of the availal)ibty of the potash naturally present in some 
typicuil soils, observations w^ere made on the relations Ix^tween the water supply and 
potash supply by means of pot experiments wdth soy beans and Japanese millet. 
These two crops are distinctly different types and are admirably suited to growiih 
in pots during the summer. 

Wagner pots 25 cm. in diameter and 33 cm. in depth were used in these experi- 
ments. 

Summary, 

Pot experiments were conducted in which Japanese millet and soy beans were 
grown w ith varied amounts of potash and of water supplied to the soil, in order to 
ascertain the relation of the w'ater supply to the availability of the soil potash and 
the extent to which additions of soluble potash would overcome the lac'k of water. 

Four series of pots w^ere prepared with relation to j)otash. Series A contained 
soil that had received no potash fertilizers for 30 years. Series B had potash added 
to the soil of A. Series C contained soil that had received annual applications of 
potash fertilizers for 30 years. Series D had potash added to soil of C. 

liach series received maximum, medium and minimum supplies of wstcr, based 
on the water-holding capacity of the soil. The soils with the least water were 
more like a naturally dry soil than a soil during a drought, because the limite d quan- 
tities of w^ater were added at short intervals. 

The experiments were conducted two seasons. In the first season, the supplies 
of nitrogen, phosphoric acid and potash were at the rate used in the field from w hich 
the soils were obtained. The supplies of these for the second season wtTe much 
increased as there were indications that the first year’s allowance was too small. 

Both millet and soy beans on the soil without potash for years gave yields which 
varied directly as the supplies of water. The percentages of potash in rhe crops 
and the q^uantities by weight indicated that the soil potash had a low solubility and 
the amount available for crops was dependent on the supply of water, 

G 2 
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The millet crops when supplied with available potash were not much afieoted 
by lessened supplies of water. The addition of potash increased the production 
of straw proportionally more than that of seed. 

The soy bean crops were affected by both potash and water supply and in about 
the same proportion. Potash increased seed ])roduction proportionally more than 
the yield of straw. On the soil without potash for years, soy beans were slow to 
mature, and analysis of the seeds, pods and straw indicated that, with the lack of 
potash, the nitrogen was not translocated fre dy from the straw and pods to the 
seeds. 

The plentiful supply of available potash in series B and D in the second season 
gave an increase in absorption of potash by the crops which was proportionally 
greater than the increase in plant growth accompanying it. 

Available potash with the minimum supply of water enabled millet in the second 
season to produce 92 gm. of seed and 112 gm. of straw, while without added potash 
but with abundant water it yielded 75 gm. of seed and 64 gm. of straw. Soy beans 
under parallel conditions produced 74 gm. of seed with the added potash and 45 gm. 
without it, but the straw was affected by the water supply. 

Conclusion. 

The natural potash of the soils used in these pot experiments had a low solubility, 
and both millet and soy beans obtained their supplies of potash from them in direct 
proportion to the supplies of water. The addition of potash to the other fertilizers 
increased the concentration of that substance in the soil solution and the millet was 
then nearly indifferent to the varied amounts of water supplied to it. Soy beans 
were about equally affected by both potash and water. For testing the availability 
of potash in a soil, millet appeared to be a better crop than soy beans, because the 
millet was less affected by variations in the water supply. 

The results of the experiment are in accord with the law of the mfniirinrn - 
(Extract taken from the Journal of Agricultural Research, Vol. 36, No. 10, 
November 15, 1927.) 



Personal Notes, Appointments and Transfers, 
Meetings and Conferences, etc. 


The head of the Civil Veterinary Department in the Madras Presidency shall 
in future be styled as Director of Civil Veterinary Department, Madras*’. 


Mr. P. T. Saunders, M.R.C.V.S., Acting Principal, Madras Veterinary College 
has been granted combined leave for thirteen months from IRth September, 
1928. 

li 


Mr. T. J. Hurley, M.R.C.V.S., has been appointed to act as Principal, 
Madras Veterinary College, vice Mr. P. T. Saunders granted leave. 


Mr. H. Peterson is appointed Agricultural Engineer, Bengal, with effect 
from 22nd September, 1928. 

The notification datfid 22nd March, 1928, granting six months* leave to 
Dr. A. E. Parr, Deputy Director of Agriculture, Western Circle, Aligarh, with 
effect from 10th April, 1928, or subsequent date is cancelled. 


With effect from 16th May to 20th July, 1928, Mr. W. H. Cossar, Second Agri- 
cultural Engineer, ojBBciated as Agricultural Engineer to Government, United 
Provinces, vice Mr. F. H. Vick, retired. 


Mr. R. Branford, M.R.C.V.S., Live-Stock Officer to Government, Punjab, 
Hissar, has been granted leave on full average pay for six months and 2 days and 
in continuation leave on half average pay for one year, 9 months and 28 days, 
preparatory to retirement, from 16th July, 1928. 


Mr. J. S, Garbwal, Superintendent, Civil Veterinary Department, South 
Punjab, Perozepore, has*^been appointed Live-Stock Officer to Government, Punjab, 
with effect from 28th July, 1928. 
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Mb. L. S. Smith has been appointed Superintendent, Government Cattle Farm, 
Hissar, from Ist July, 1928. 

M 

The appointment of S. Mubabik Ali Shah Gilani, B.So. (Hons.), M.R.C.V.S., 
to special temporary post in the Civil Veterinary Department, Punjab, for a period 
of two years has been extended by a further period of one year with effect from 
the 30th July, 1928, pending the constitution of the Superior Provincial Service. 

The appointment of Lala Pran Nath Nanda, M.R.C.V.S., to a special tempo- 
rary post in the Civil Veterinary Department, Punjab, for a period of two 
years has been extended by a further period of one year with effect from the 30th 
July, 1928 (forenoon), pending the constitution of the Superior Provincial Service. 

The appointment of S. Ram Singh SarkarIa as Bacteriologist to Government, 
Punjab, Lyallpur, for a period of two years has been extended by one year with 
effect from the 30th July, 1928. 

M 

On return from leave, Mr. W. M. Clabk, M.B.E., B.Sc., has been posted to 
Mandalay as Professor of Agricultiure, vice Mr. H. F. Robebtson transferred. 


On relief by Mr. W. M. Clark, M.B.E., Mr. H. F. Robertson, B.Sc., has been 
posted to the charge of the Northern Circle, Burma, vice Mr. T. D. Stock 
transferred. 


On relief by Mr. H. F. Robebtson, Mr. T. D. Stock, B.Sc., has been posted to 
the charge of the Myingyan Circle, Burma, vice U. Kyaw Zan, Assistant Director of 
Agriculture, proceeding on leave. 

m 

On return from leave, Mr. W. Gbeoson, N.D.A., has been posted to the 
charge of the Tenasserim Circle, Burma, vice Mr. D, Hendbt. 


Mr. p. Rhind, B.Sc., Economic Botanist, has been appointed to officiate as 
Mycologist while continuing to hold the post of Economic Botanist, Burma. 


The sixteenth annual meeting of the Indian Scienoe Congress will be hrfd in 
Madras from January 2nd to January 8th, 1929. 
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President. 


Prof. C. V. Raman, M.A., D.Bc., F.R.S., F.A.S.B., Palit Professor of Physics, 
Calcutta University. 


Sectional Presidents. 


1. Agriculture 

2. Botany 

3. Medical and Veterinary Re- 

search. 


4. Mathematics and Physics 

5. Chemistry 

6. Anthropology 

7. Zoology 

8. Geology 

9. Psychology 


Mrs. G. L. C. Howard, M.A., Institute of 
Plant Industry, Indore. 

Prof. K. C. Mehta, M.Sc., Ph.D., Agra College, 
Agra. 

Lieut.-Col. R. Knowles, B.A., M.R.C.S., 

L. R.C.P., I.M.S., F.A.S.B., Professor of 
Tropical Medicine and Officer in charge, 
Carmichael Hospital for Tropical Diseases, 
Calcutta. 

Prof. S. N. Bose, M.Sc., Prof, of Physics, Dacca 
University, Dacca. 

Prof. J. N Mukherjee, M A., D.Sc., Guruprosad 
Singh Professor of Physical Chemistry, 
Calcutta University. 

Lieut.-Col. R. B. Seymour Sewall, M.A., 

M. R.C.S., L.R.C.P., F.L.S., F.Z.S., I.M.S., 
F.A.S.B., Director, Zoological Survey of 
India, Calcutta. 

Lieut.-Col. J. C. Fraser, I.M.S., Principal, 
Medical College, Vizagapatam. 

Dr. Cyril S. Fox, D.Sc., M.I.Min.E., F.G.S., 
Superintendent, Geological Survey of India, 
Indian Museum, Calcutta. 

Prof. M. V. Gopalaswami, B.Sc. Ph.D., 
Professor of Psychology, Maharajah’s 
College, Mysore. 



NEW BOOKS 


On Agriculture and Allied Subjects 

1. The Agricultural Development of Arid and Semi- Arid Regions, with special 

reference to South Africa, by H. D. Leppan. South Africa, Central News 
Agency Limited. Price fl-6 nett. 

2. The Newer Knowdedge of Bacteriology and Immunology, by Eighty-two 

contributors. Edited by Edwin 0. Jordan and I. S. Falk. The Univer- 
sity of Chicago Press, Chicago, Illinois. 

The following publications have been issued by the Imperial Department of Agri- 
culture in India since our last issue : — 

Memoirs. 

1. Studies in the Jowars of Gujarat I. The Jowars of the Surat District, by 

M. L. Patel, M. Ag., and G. B. Patel, B. Ag. (Botanical Series, Vol. XVI, 
No. 1.) Price, Re. 1-6 or 25. 3rf. 

2. The Indian Cottons, by G. A. Gammie, F.L.S. (Botanical Series, Vol. II, 

No. 2 ; reprinted.) Price, Rs. 10-2 0. 

3. Losses and Gains of Nitrogen in an Indian soil studied in relation to the Sea- 

sonal Composition of well waters and the bearing of the results on the alleg- 
ed deterioration of Soil Fertility, by Harold E. Annett, D.Sc., F.I.C., 
M.S.E.A.C., and A. R. Padmanabha Aiyer, B.A., and Ram Narayan Ka- 
yasth, M.Sc., B.Ag. (Chemical Series, Vol. IX, No. 6). Price, Rs. 2 or 2s. 
6d. 

4. Feeding Experiments at Kamal, 1926-26 and 1926-27, by F. J. Warth, M.Sc., 

and F. J. Gossip. (Chemical Series, Vol. X, No. 1.) Price, As. 8 or lOrf. 

Bulletins. 

6. A Study of the Locular Composition in Cambodia Cotton, by V. Ramanathan 
L.Ag. (Bulletin No. 178.) Price, As, 7 or 9d. 

6. A Leaf spot and Blight Disease of Onions Caused by AUernaria palandui^ noV# 

sp., by C. Rangaswami Ajryangar. (Bulletin No. 179.) Price, As. 6 or 

7. Stem-rot of Berseem caused by Rhizoctonia solmi Eiihn, by Md. TitoMnit 

(Bulletin No. 180.) Price, As. 8 or 9d. ^ 

( m ) 
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8. Investigations in the Bacteriology of Silage, 1926-27, by J. H. Walton, M.A., 

M.Sc. (Bulletin No. 182.) Price, As. 5 or 6d. 

9. A Milk Fermenting Yeast, by C. S. Ram Ayyar, B.A. (Bulletin No. 183.) 

Price, As. 5 or 6d. 

10. List of Publications on Indian Entomology, 1927. Compiled by the Imperial 

Entomologist. (Bulletin No. 184.) Price, As. 6 or 9d. 

11. The Composition of Some Indian Feeding Stuffs, by J. N. Sen, M.A., F.C.S. 

(Bulletin No. 70 ; reprinted.) Price, Rs. 3-2-0 or 5s. 6d. 


IIOSJO— 



List of Agricultural Publications in India from 1st 
February 1928 to 31st July 1928. 


No. 

Title 

Author 

Whore published 


GENERAL AGRICULTURE. 


1 

The Agriculhiral Journal of India^ 
Vol. XXIII, Parts 11, 111 and 
IV. Price, Re. P8 or 2e. per 
part. Annual subscription, 

Rs. 6 or 9«. 6rf. 

Edited by the Agricultural 
Adviser to the Govern- 
ment of India. 

Goveniment of India 
Central Publication 

Branch, Calcutta, 

2 

The Journal of the Central Bureau 
for Aniinal Husbandry and 
Dairying in India, Vol. IT, 
Parts 1 and 2. Annual sub- 
scription Rs. 2-8, single copy 
As. 10. 

Ditto. 

Ditto. 

3 

Review of Agricultural 0()erations 
in India, 1926-27. Price Rs. 2 
or 3^. 6d. 

Issued by the Agricultural 
Adviser to the Govern- 
ment of India. 

Ditto. 

4 

Unit System for Farm Buildings, 
Pusa Agricultural Research In- 
stitute, Bulletin No. 174, Price 
As. 5 or 6d. 

G. S. Henderson, N.D.A., 
N.D.D. 

Ditto. 

5 

Villagers’ Calendar for 1928-29 
(Tamil, Telegu and Kanarese), 

Issued by the Department 
of Agriculture, Madras. 

Government Press, 
Madras. 

(i 

Note on the Exhibits at the Agri- 
cultural Exhibition, IV Circle, 
comprising North Aroot, South 
Aroot, Chingleput and Chittoor 
Districts. Madras Department 
of Agriculture Leaflet No. 33, 
revised. 

Ditto. 

Ditto. 

7 

Annual Reports of the Experi- 
mental Stations, Madras, for 
1927-28. 

Ditto. 

Ditto. 

8 

Report on the Operations of the 
Department of Agriculture, 
Madras, 1927-28, Vol. I. 

Ditto. 

Ditto. 

9 

Annual Report of Subordinate 
officers for 1927-28, Vol. II. 

Ditto. 

Ditto. 

10 

i 

The Conduct of Field Experi- 
ments. Madras Department of 
Agriculture Bulletin No. 89. ' 

Ditto. 

Ditto. 
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The Manurial Problem and its 1 Issued by the J)i5jartment I Government Press, 


Solution. 

12 Year Book 1927 of the Depart- 
ment of Agriculture, Madras. 


of Agriculture. Madras. 


13 Furnaces for making giU or crude Rao Bahadur P. C. Patil. 
sugar in the Bombay Presi- 
dency. Bombay Department of 
Agriculture Bulletin No. 144 of 
1927 Price Re 0-7-3. 


Madras. 


Yeravcla Prison Press, 
Yeravda. 


Rao Bahadur P. C. Patil. 


14 Props of the Bombay PreFidenev • G. R. Ambekar. 

their Geography and Statistics. 

Bombay Department of Agri- 
culture Bulletin No. 140 of 1927. 

Price Re. 1-11-0. 

15 Organisation and cost of Gnl Rao Bahadur P. C. Patil. 

making in the Deccan sugarcane 
tracts. Bombay Depart njcnt of 
Agriculture Bulletin No. 147 of 
1927. Price Re. 0-2-6. 

16 Culture of Guava and its improve- Dr G. 8. (dieema and G. B. 

ment by selection in Western Deshmukh. 

India. Bombay Department of 
Agriculture Bulletin No. 148 of 
1927, Price Re. 0-7-3. 


17 iStudies in the cost of j)roduction Rao Bahadur P. C. Patil, 

of crops in the Deccan. Bom- T. G. 8hirname and T. B. 
bay Department of Agriculture Pawar. 

Bulletin No. 149 of 1927. 

Price Re, 1-1-6. 

18 f^rops of Sind : their Geography G. R. Ambekar. 

and Statistics. Bombay De- 
pa liiment of Agrieulture Bulletin 
No. 150 of 1927. Price Rs. 

2 - 1 - 0 . 

19 Water-finder work in the Bombay Rao Bahadur D. L. Sahas- 

Presidency, Bombay Depart- rabudhe. 

ment of Agriculture Bulletin 
No. 152 of 1928. Price Re. 0-8-0. 

20 Annual Seaeon and Crop Report Issued by the Department 

of the Bombay Presidency for of Agriculture, Bombay. 

1926-27. Price Re. 1-11-0. 

21 Annua] Report of the Department Ditto. 

of Agriculture in the Bombay 
Presidency for 1926-27. Price 
Rs. 2-4-0. 


G. R. Ambekar. 


Rao Bahadur D. L, Sahas- 
rabudhe. 


Government Central 
Press, Bombay. 


Yeravda Prison Press, 
Yeravda. 


Government Central 
Press, Bombay. 
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No. 

Title 

Author 

Where published 


Oeneral Agriculture — oontd. 


22 

Monthly and Annual rainfall table 
in the Province of Bengal for 
1927. 

Issued by the Department 
of Agriculture, Bengal. 

Sreenath Press, Dacca. 

23 

Season and Crop Report of Bengal 
for 1927-28, 

Ditto. 

Ditto. 

24 

Improvement of Bengal Cattle, 
l^ngal Department of Agri- 
culture Leaflet No. 1 of 1928. 

Ditto. 

Ditto. 

26 

Making a pit silage with unchaffed 
fodders. Bengal Department of 
Agriculture Leaflet No. 2 of 
1928. 

Ditto. 

Ditto. 

26 

Rudiments of Garden Designing • 

E. P. Griessen, Deputy 
Director of Gardens, ^ 
Saharanpur, U. P. 

Government Press, 
Allahabad. 

27 

Influence of Parks and Gardens 
and open space in civic develop- 
ment. 

Ditto. 

Ditto. 

28 

Cold Storage of Potatoes • ♦ 

P. K. Dey, Plant Patho- 
logist to Government, 
Cawnpore, U. P. 

Ditto. 

29 

Prospectus of the Punjab Agri- 
cultural College, Lyallpur. 

Issued by the Department 
of Agriculture, Punjab 

Government Printing, 

Lahore. 

30 

Seasonal Notes April (1928) issue. 

• 

Ditto. 

Ditto. 

31 

Protecting of Trees from Sunburn. 
Punjab Department of Agri- 
culture Leaflet No. 61. 

Ditto. 

Ditto, 

32 

Hatching chicks. Punjab Depart- 
ment of Agriculture Leaflet 
No. 66. 

Dittc 

Ditto. 

33 

Instructions for working the Lyall- 
pur Automatic Seed DrilL 
Punjab Department of Agri- 
culture Leaflet No. 67. 

Ditto. 

Ditto. 

34 

Candying “ bers ** {Jujubes). 
Punjab Department of Agri- 
culture Leaflet No. 68. 

Ditto, 

Ditto. 

36 

Feeding chicks. Punjab Depart- 
ment of Agriculture Leaflet 
No. 59. 

Ditto. 

Ditto. 

36 

Rearing chicks. Punjab Depart- 
ment of Agriculture Leaflet 
No. 60. 

Ditto. 

Ditto. 
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Where j)ubli8hed 


General Agriculture — contd. 


Annual Report of the Department 
of Agriouiture, Punjab, for 
1926-27. Part I. 


Issued by the Department Gk)vomment Printing, 
of Agriculture, Punjab. Lahore. 


38 I A brief outline of the Agricultural I D. Milne, B.Sc., Director of 


conditions in the Punjab. 


Agriculturo, Punjab. 


39 List of Imperial Horse shows to I Issued by tlie Department 


be held during 1928. 


of Agriculture, Punjab. 


40 Season and Crop Report of Bihar Issued by the Department (iovemmont Printing, 

and Orissa, of Agriculture, Bihar and Bihar and Orissa, Gul- 

Orissa. zarbag. 

41 Agricultural Statistics of Bihar Ditto. Ditto. 

and Orissa for 1926-27. 


of Agriculture, Bihar and 
Orissa. 

Ditto. 


42 Report on the working of the F. J. Plymcn, A. C. G. I., Government Press, Cen- 
Dopartment of Agriculture of Director of Agriculture, tral Provinces. Nagimr. 
the Central Provinces for 1920- Central Provinces. 

27. Price Re. 1-7-0. 


Report on Demonstration work | 
carried out in the Northern 
Circle, Central Provinces, to- 
gether with Reports on Seed and 
Demonstration Fanns for the 
i year 1926-27. Price Rs. 2-4-0. 


44 Report on Demonstration work 

carried out in the Plateau Sub- i 
Circle, Central Provinces, to- j 
gather with Reports on Seed i 
and Demonstration Farms, 
Betul and Sooni, for 1926-27. 
Price Re, 1-8-0. 

45 Report on Demonstration work 

carried out in the Eastern 
Circle, Central Provinces, to- 
gether with the Reports on the 
Seed and Demonstration Farms 
at Chandkhuri, Bilaspur and 
Drug with that of Cattle Breed- 
ing Stations attached thereto 
for 1926-27. Price Rs. 2-144). 

46 Report on Demonstration work 

oarried out in the Western Oirole, 
Central ProvinoeB, together with 
Reports on the and De- 
monstration Farms and Cattle 
Breeding Forms of that Oirole 
for the year 192^-27, VoL I. 
PrioeRe. 1-194). 


J. H. Ritcliie, M.Sc., Deputy 
Director of Agriculture, 
Northern Circle, L. N. 
Dubey, OlTg. Extra 
Assistant Director, Jab- 
bulpur, and Govind Pra- 
sad, Extra Assistant 
Director, Chhindwara. 

E. A. H. Churchill, Assist- 
ant Director of Agri- 
culture, Chhindwara, and 
Govind Prasad. Extra 
Assistant Director, 

Chhindwara. 

T. L. Powar, Deputy Direc- 
tor of Agriculture, East- 
ern Circle, D. R. Mohari- 
kar. Extra Assistant 
Director, Raipur, and N. 
G. Bhoot, Extra Assist- 
ant Director, Drug. 


S. G. Mutkekar, Deputy 
Director of Agriculture, 
Western Circle, M. S. 

! Barker, Extra Assistant 
I Director, Akola and S. L. 
Mohammad, Extra Assist- 
ant Director, Amraoti. 
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Report on District Demonstration 
work carried out in the Western 
. Circle, Central Provinces, during 
the year 1926*27, Vol. II. Price 
Re. 1-7-0. 

Report on the Cattle Breeding 
Operations in the Centra] Pro- 
vinces and Berar for the year 
1926*27. Price Re. 1*1*0. 

Report on the Agricultural College, 
Nagpur, Chemical, Botanical, 
Mycological, Entomological 
Research, Agricultural Engin- 
eer’s Section, and Maharajbagh, 
Menagerie, 1925-26. Price Re. i 
1-5-0, 


A Decennial Review of Bio- 
chemical Investigations on Soils 
caiTiod out in the Ck'ntral Pro- 
vinces and Berar. Bulletin 
No, 2.3 of the Department of 
Agriculture, Central Provinces. 
Price As. 5. 

Scientific feeding of Farm Animals. 
Bulletin 24 of the Department 
of Agriculture, Central Pro- 
vinces. Price As. 8. 

Cultivation of Pine apples. ly'a- j 
fiet No. 1 of 1928 of the Depart- ; 
mont of Agriculture, Assam. 

On Guinea Grass, leaflet No. 2 
of 1928 of the Department of 
Agriculture, Assam (Bengali 
and Assamese). 

On Vegetables. Leaflet No. 3 of 
1928 of the Department of 
Agriculture, Assam (Assamese 
and Bengali). 


S. L. Mohammad, Extra Government Press, Cen- 
Assistant Director, Am- tral l^ovinoes, Nagpur, 
raoti, and M. S. Barkar, 

Extra Assistant Director, 

Akola. 

S. T. D. Wallace, Deputy Ditto. 

Director of Agriculture! 
in charge Animal Hus- 
bandry. 

R. G. Allan, Principal, Ditto. 

Agricultural College ; 

A. R. Padmanabha Iyer, 

Agricultural (’hemist ; 

W. Youngraan, Economic 
Botanist for Cotton, C. P, 
and D. N. Mahta, 2nd 
Economic Botanist, 

C. P. ; J. F. Dastur, 

Mycologist to Govern- 
ment, C. P. ; J. L. Khare, 

Assistant Entomologist ; 

R. H. HiU, Officer in 
Charge of the office of 
Agricultural Engineer, 

C. P. ; R. G, Allan, Prin- 
cipal, Agricultural 

College. 

D. V. iBal, Bacteriological Ditto. 

Assistant, Central Pro- 
vinces. 


R. G. Allan, Principal, 
Agricultural College, 
Nagpur, 


Issued by the Department Government Press, Siiil- 
of Agriculture, Assam. long. 
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General AgrictiUure-^ontd. 


55 

Fruit culture. Bulletin No. 1 of 
the Department of Agriculture, 
Assam (English and Khasi). 

Issued by the Government 
of Agriculture, Assam. 

Government Press, Shil- 
long. 

50 

The Journal of the Mysore Agri- 
cultural and Experifnenial Union 
(Quarterly). Annual Subscrip- 
tion Rs. 3. 

Mysore Agriouitural E.^- 
jierimcutal Union. 

Bangalore Press, Banga- 
lore. 

57 

The Journal of tht Madras Agri- 
cidtural Students' Union 

(Monthly). Annual Subscription 
lis. 4. Single copy As. 0. 

Madra.s Agricuiltural Stu- 
dents’ Union. 

The Electric Printing 
Works, (’oimbatore. 

58 

The Planters Chronicle (Weekly) . 

United PlantiTs’ Associa- 
tion of South India. 

Diocesan Press P. B, 455, 
M adras. 

59 

The Xaypur Agricultural ('olhgv 
Magazimt (Quarterly). Ann ai 
Subscription Hs. 3. 

K. A. Ramayya and R. B. 
Ekboto, Editors. 

Udyama Desha Sevak 
l^ress, Nagpur. 

00 

Poona Agficuliitral College Maga- 
zinc (Quarterly). Annual Sub- 
scription Rs. 2-8*0 ; Single 
copy As. 10. 

College Magazine Com- 
mittee, Poona. 

Agri cultural ' C’oUege, 

Poona. 

(51 

The Old Magazine, Agi’i<‘ul- 

tural (k)llege, (’awn pore, (Quar- 
terly). Price As. 8 jK'r (^opy. 
Annual Subscription Ks. 2. 

M. L. Sakseiia. L.Ag., 
Editor. 

Cawnpore l^rinting Press. 

02 

The Allchabad (Quarterly). 

Single coy)y As. 8 ; j>er year 
Rs. 2. 

W. B. Haye.s E. W. .lere- 
my and J. N. Shiv})iiri, 

The Mission Press, Alla 
ha had. 

(K\ 

The Bengal Agricultural Journal 
(Quarterly). (In English and 
Bengali). Annual Subscrij>tion 
Re. 1-4-0. Single copy As. o. 

Issued by the Department 
of Agriculture, Bengal. 

Srceiiath J^ress, Dacca. 

04 

Quarterly Journal of the Indian 
Tea Ammatiorif Price As. 0 jicr 
copy. 

Siuentific De]>artmenl of 
the Indian Tea Asswia- 
tion, Calcutta. 

OathoHe Orphan Press, 
Calcutta. 

05 

Indian Scienlific Agriculturist 
(Monthly). Annual Subscrip- 
tion Rs. 4. 

H. C. Sturge.s.s, Editor, 
J. W. Mckay, A.R.C.Sc., 
N.D.A., ' Consulting 

Editor. 

Calcutta C’liromotj^K^ (’o.. 
52-53, Bowbazar Street, 
(’aleiiita. 

60 

Rural India (Monthly), Single 
oopy As. 6. Annual Subscrip- 
tion Es. 3. 

A. Swaminatha Ayyar 

President, Forest Paneha- 
yet Banking Union, 
Madras. 
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OenercU Agriculture — ooncld. 


67 

The First issue of the Proceedings 
and Transactions of the Bengal 
Agricultural Intelligence Club, 
Dacca Farm (1923-24). Price 
for Members Rs. 2 and non- 
members Rs. 4. 

Issued by the Secretary, 
Bengal Agricultural In- 
telligence Club, Go^^em- 
ment Farm, Post Tej- 
gaon, Dacca. 

Narayan Machine Press* 
Dacca. 

68 

1 

Kisan — Agricultural Monthly 

Magazine started at Indore. 
Annual Subscription Rs. 3 or 
Re. 0-5-0 per copy. 

Sukhsampattirai Bhandari, 
M.R.A.S., Editor. 

Gajanana Printing Works, 
Indore. " 


AGRICULTURAL CHEMISTRY. 


69 

Losses and Gains of Nitrogen in 
an Indian Soil studied in rela- 
tion to the seasonal composition 
of well waters and the bearing.s 
of the results on the alleg^ 
deterioration of Soil Fertility. 
Memoirs of the Department of 
Agriculture in India, Chemical 
Series, VoL IX, No, 6. Price 
Rs. 2 or 3^. 6d. 

Harold E. Annett, D.Sc., 
F.I.C., M.S.E.A.C., 

A. Padmanabha Aiyer. 

B. A., and Ram Narayan 
Kayasth, M.So.. B.Ag. 

Government of India 
Central Publication 

Branch, Calcutta. 

70 

Some Digestibility Trials on 
Indian Speeding Stuffs : III. 
Some Punjab Hays, Memoirs of 
the Department of Agriculture 
in India, Chemical Series, Vol. 
IX, No, 7. Price As. 5 or 6d. 

P. E. Lander, M.A., l>.8c.. 

A. I.C., and Pandit Lai 
Chand Dharmani, L.Ag., 

B. So. (Ag.). 

Ditto. 

71 

The Determination of the Elec- 
trical conductivity of the A<|ue- 
ous extract of Soil as a rapid 
means of detecting its probable 
fertility. Memoirs of the De- 
partment of Agriculture in 
India, Chemical Series, Vol. IX, 
No. 8. Price As. 4 or 6d. 

Ashutosh Sen. 

Ditto. 

72 

Feeding Experiments at Karnal, 
1925-26 and 1926-27. Memoirs 
of the Department of Agricul- 
ture in India, Chemical Series, 
VoL X, No. 1. Price As. 8 or 
lOd. 

F. J. Warth, M.8c., and 
F. J. Gossip. 

Ditto. 

73 

A comparative study of the 
methods of Preparation of the 
Soil for the Mechanical Analysis 
with a note on the Pipette 
Method. Pusa Agricultural Re- 
search Institute Bulletin 

No. 175. Price As. 4 or bd. 

Amamath Puri, M.So., 
PIlD., and B. M. Amin, 
B.A. 

Ditto. 
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BOTANY. 


74 

The Indian Types of Lath yr its 
aativus L, {khesari, lakhf lanQf 
teora). Memoirs of the Depart- 
ment of Agriculture in India, 
Botanical Series, Vol. XV, 
No. 2. Price Re. 1-B or 2«. 
0(i. 

Gabrielle L. C. Howard, 
M.A. and K. S. Abdur 
Rahaman Khan. 

Government of India 
Central Publication 

Branch, Calcutta. 

75 

Studies on Rice in Sind, Part I. 
Memoirs of the Department of 
Agriculture in India, Botanical 
Series, Vol. XV, No. 0. Price 
Re. 1 or la. 9d. 

K. I. Thadani, M.Sc. and 
H. P. Durga Dutt, B.Sc. 

Ditto. 

76 

1 

Studies in Gujarat Cottons, Part 
V. Memoirs of the Dojiailment 
of Agriculture in India, Botani- 
cal Series, Vol. XV, No. 7. 
Price As. 14 or la. i)d. 

H. H. Mann, D.Sc., and 
M. L. Patel, M.Ag. 

Ditto. 

77 

Studies in the iShedding of Mango 
Flowers and Fruits, Part I. 
Memoirs of the Dcjmrtment of 

1 Agriculture in India, Botanical 

1 Scries, Vol. XV, No. 8, Price 

1 As. 11 or la. 3d, 

r. V. WiiLric. M.Ag. 

Ditto. 

78 

Studies in the dowars of Gujarat : 

' I. The do wars of the Surat 
District. Memoirs of the De- 
partment of Agriculture in 
India, Botanical Series, Vol. 
XVI, No. 1, Price Rc. 1-6 or 
2a. 3d. 

M 

M. L. Paul, M.Ai!., and 
G. B. Patel, B.Ag^ 

[YCOLOGY. 

Ditto. 

79 

Frnit-Rot Diseases of Cultivated 
Cucurbitoce® caused by Pijthi^ 
ttfu aphanidermaUnn (Eds.) 
Fitz. Memoirs of the Depart- 
ment of Agriculture in India, 
Botanical Series, Vol. XV, No. 3. 
Price As. 6 or $d. 

M. Mitra. M.Sc,, F.L.S.. 
and L. S Subramanium, 
F.L.S, 

Government of India 
Central Publication 

Branch, Calcutta, 

80 

Asie ina spp. «... 
Mdhla spp. from India and one 
from Malay. 

Memoirs of the Department of 
Agriculture in India, Botanical 
Series, Vol. XV, No. 6. Price 
As. 4 or 

Dr. Ruth Rayan. 

Prof. F. L. Stevens. 

Ditto. 

Ditto. 

81 

Root-rot and Sclerotial Diseases 
of Wheat. Pusa Agricultural 
Research Institute Bulletin 
No. 177. Price As. 4 or 5rf. 

L. S. Subramanium, F.L.S 

Ditto. 
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82 

f Stem'-rot • of BerHcem caused bv i 

Md. Taslim. 1 

Government n[ India 


I Hhizortonia Solani Kuhn, Pusa 
Agriculturoal Research Institute 
Bjilletiii No. ISO. Price As. 8 or 
i Od, 

1 

i 

1 

Central Publication 

P ranch, ('aloutta, 



ENTOMOLOGY. 


83 

Some New Indian Miridi© (Csp- 

E. Ballard, P.A., F.E.S. 

Gorernment of India 


sidse). Memoirs of the Dej art* 


Ctuitral Publication 


inent of Agncvilture in, India, 
Entomological Series, Vol. X, 


Brandi, (’alcutta. 


No. 4. Price As. G or Sd. 



84 

Studies on PVxtyedra gossypicllu. 

Sohan Singh Bindra, M.Sc. 

Ditto. 


Saunders (Pink Bollworm) in 
the Punjab. Memoirs of the 
Department of Agriculture in 
India, Entomological Series, 
Vol. X, No. G. Price, Rs. 1-4 





or 2s, 3f?. 



85 

A study of the Locular compos'- 

V. Rauianalhan, L.Ag. 

Ditto. 


tion in Cambodia Cotton, Pusa 
Agricultural Research Institute 
Bulletin No. 178. Price, As. 7 
or \)d. 



80 1 

List of Publicntion.s on Indian 

Compiled bv the Im|)crial 

Ditto. 


Entomology, 1927, Pusa Agri- 
cultural Research Institute 
Bulletin No. 184. Price As. G 
or 9d. 

Entomologist, Pusa. 



87 

Palpicornia. Catalogue of Indian 

A. d’Orchymont, F.E.vS. 

Ditto. 


Insects, Part U. Price Rs. 2-8 
or Is. Od. ! 



88 

Cecidomviclee. Catalogue of 

Ronald Senior- White, F.E.S,, 

Ditto. 


Indian Insects, Part 1.5. Price 

F. R. S. T. M. & H. 



.As. 7 or , 



89 

Cosmoptcfygidae. (Catalogue of 

T. Bainbrigge Fletcher, 

Ditto. 


Indian Iiusects, Part IG. Price, 

R.N., F.L.S., F.E.S., 



As. 10 or Is. 

F.Z.S. 


90 

Yponomontida?. Catalogue of 

Ditto. 

Ditto. 


Indian Insects, Part 17. Price 
As. 8 or lOi/. 



■91 

j The Rice Bug. Madras Depart- 

Issued by the Department 

Government Press, Mad- 


ment of Agriculture Leaflet 
No. 50. 

of Agriculture, Madras. 

ras. 

92 

Control of Mound building white 

Issue ' by the Department 
of Agrioul' ore, Bengal- 

Sreenafcfa Press, Dacca, 


anta. Bengal Department of 
Agriculture Leaflet No. 3 of 



1928 (English and Bengali). 
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BACTERIOLOGY. 


93 

A. Method of Increasing the Manu- 
rial Value of Mahiia cake. 
Pusa Agricultural Research In- 
stitute Bulletin No. 170. Price 
As. 4 or (jiL 

N. D. Vyas, L.Ag. 

Government of India 
Central Publication 

j Branch, Calcutta. 

94 

Investisations in the Bacteriology , 
of Silage, 1926-27. Pusa Agri- 
cultural Research Institute 
Bulletin No. 182. Price A.s. 5 
or (jil 

■I. H. Walton. M.A., M.Sc. 

Ditto. 

95 

A Milk Fermenting Y^east. Pusa 
Agricultural Re.search Institute 
Bulletin No. 1S3. Price As. 5 
or 

C. S. Ram Ayyar, B.A. 

j 

Ditto. 


VETERINARY. 


06 

Trypauhlne and certain dithio- 
anilinc derivative.-? ; Their 

e^hcaoy in the treatment of i 
Piroplasmosis and other aft'ec- 
tions in the Ventral Province.^. 
Mtunoirs of the Departinenl of 
Agriculture in India, Veterinary 
StTie.s, Vol. IV*, No. III. Price 
A.s. 3 or 4;/. 

Major R. F. Stirling, j 
F.R.C.V.S., D.V.S.M', 

F.Z..S., I.V.S. 

Government of India 
Central Public-atioii 

Branch, Calcutu. 

i 

( 

i 


Surra ..... 

I.ssuod by the Madras Dc- 
jiartnient of Agriculture, 
Madras. 

Covcrnmeui Pfl'ss, 

Madras. 

* 97 

Report of the work performed by 
the Camel SiK'cialist, Sohawa, 
for the year 1926* 27. Punjab 
Department Veterinnrv Bulletin 

No. IS. 

Is.sucd by the Department 
(T Agriculture, Punjab. 

Government Prinimg. 

Punjab, Labor--, 

1 

9sS 

Annual Report of the Punjab 
Veterinary College, Civil \*ete- 
rinary Department. Punjab and 
the Government Cattle Farm, 
Hissar, for the year 1920-27. 

Ditto. 

Ditto. 

99 

The Annual Administration 

Report of the Civil Veterinary 
Department, Ajmer-Merwara, 
for the year 1927-28. 

Issued by the Superiuten- 
deut. Civil Veterinary 
Department, Sind and 
Rajputana. 

Government of India 
Central Publication 

Branch, Calcutta. 
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Abdur Rahman Khan. Defective bearing in plum 
Agricultural conditions in Egypt 

„ IMPLEMENTS SUITABLE FOR THE USE OF THE INDIAN C^ULTIVATOR. 

A. P. Cliff .. 

,, IMPROVEMENTS. Effective method of popularising -among 

ryots. N. S. Kulandaswamy 

„ PROBLEM. Indian—. W. H. Moreland . . 369, 

„ PRODUCTION. Land tenure and — in the Tropics. II. Martin 

Leake (Review) 

„ PROGRESS. Economics of ---. B. G. Sapre (Review) 

„ PUBLICATIONS IN INDIA : 

(1) From 1st August 1927 to 31st January 1928 

(2) From 1st February 1928 to 31st July 1928 

,, RESEARCH CONFERENCE. Imperial — . F. J. F. Shaw 

„ SOCIETIES. Co-operative— for demonstration 

„ SOCIETY. Royal -of Egypt 

„ STATISTICS OF EgYPT 

Agriculture. Egyptian Ministry of — . . 

„ New books on — and allied subjects 

„ School of — in Egypt 

„ Tube wells and — . S. Leggett 

Agriculture, Indian. Albert Howard and G. L. C. Howard (Review) 
Aitchison, David Alexander Donald : An appreciation 


Page 
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329 


95 

177 
444 

408 
68 

228 
494 
73 
166 
. . 334 

. . 339 

. . 331 

71, 151, 227, 328, 411, 492 
. . 336 

390, 432 
326 
154 


AhmonIACAL nitrogen. Effect of high concentration of — on nitrification 
in soil . . . . . • • • • • • • 

Amsacta aUngtriga. Function of anterior tibial spurs in — . Y. Rama- 
chsndra Rao ... . . . . • • • • 

Andropogon Sorghum. Control of grain smut of — . . . . • • 471 

Animal Nutrition and Veterinary Dietetics. R. G. Linton (Review) . . 150 
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Page 

Anthrackose of cotton. Control of seed-borne — . . . . 60 

Arable farming in the Punjab . . . . . . . . 23 

Aspergillus nigar . . . . . . . . . . 316, 402 


B 


Bajri. Downy mildew disease of — . . . . . . . . 300 

Beans. Selection of Burma — for low HCN control. J. Charlton . . 212 

Belgium. Size of an economic holding in — . . , . . . jg 

Bihar plough and ridge plough . . . . ., . . 97 

Books. New — on agriculture and allied subjects . 71,151,227,328,411,492 

Burma BEiANS. Selection of — for low HCN content .. .. 212 

Bitrt, B. C. Effect of rotations on cotton production . . . . 3(»9 


c 


Calvert, H., Middleton, Thomas, and Gangulee, N. Notes made on 
tour in Egypt . . 

Carbery, M,, and Finlow, R. S. Artificial farmyard manure . . 
Carpenter, P. H. Tea in North-East India . . . . 5^ 

Cattle. Active immunization of — again.st rinderpest 
Cercospora carthami 

Charlton, J. Selection of Burma beans for low HCN content . . 

Cheema, G. S. Improvement of Pandhari Sahebi grape by the use of seed- 
'ings 

Chemotropism in the cotton plant 


329, 413 
80 

156, 266 
. 185 

. 383 

. 212 


111 

313 


Cliff, A. P. Agricultural implements suitable for the use of the Indian 


cultivator 

Climate of North-East India 

Coconut palms. Protection of— -in French India . . 

Coimbatore seedling c.anes. T. S. Venkatraman and U. Vittal Rao 
„ sugarcane station. Supply of cane varieties from — 
Co-operative agricultural societies for demonstration 
„ demonstration trains . . 

„ 80CTETIE8 AND SOME OF THEIR DIFFICULTIES. Tom LeWis 

CorroN. Black arm disease of — , . . . , , . 

,, Capnodium disease of — 

„ Crazy-top disorder of — 


96 

156 

13» 

28 

401 

177 

203 

62 

220 


m 



INDEX TO VOL, XXIH 


iH 


Cotton. Correlations of seed, fibre and boll characters in — , Thomas H. 
Kearney . . . . 

„ Desirability of marketing — in a clean condition 

„ Determination of quality in — . . 

„ Effect of physical conditions in — spinning 

„ Effect of soil temperature on angular leaf-spot disease of — 

„ Effect of subjecting — to repeated blow-room treatment 
„ Genetical research in — at Trinidad 
„ Insect pests of — . . 

„ Wilt disease of — . . 

Cotton boll. Rotting of — . . 

„ coltiyation in Texas 
„ Gabo Hill. Growth of — 

„ marketing in Egypt 

„ Pima. Heritable variations in 

„ „ Summer irrigation of— 

Chemotropism in — 

Growth studies of — 

Egyptian. Growth, bud-shedding and flower production of 
Root-rotting diseases of — 

„ „ Pima and Acala. Development of — 

„ production. Effect of rotations on — 

„ RESEARCH IN EgYPT 

„ SEED. Sulphuric acid treatment of — 

„ „ Treatment of— against anthracnose fungus 

„ SEEDLING. Salt intake of — 

„ SPINNING. Effect of temperature and humidity on 

„ technology. Research in — in India, 1927. A. James Turner 
Cottons. Variability in the ginning percentages in crosses of Indian — 
Cottons from Siam. Report on — . Sir George Watt 
CoTCONS, Standard Indian . . 

Crop seeds. Longevity of — 

Crotalaria juncea. Economical method of manuring with— - 


PLANT. 


PLANTS. 
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290 
345 
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360 
221 
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216 
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221 
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Dahi. Micro-oiganisms and the production of — 

Dablino, M, L. The economic holding or the family farm 
Demonstration through co-operative agricultural societies 
„ TRAINS. Co-opexative — 
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203 
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Disjbiasb, Angular leaf spot — of cotton . . . . . , . . 221 

„ Anthracnose — of cotton . . . . • . . . 62 

„ Black arm — of cotton . . ’ . . . . . . 220 

„ Capnodium — of cotton . . . . . . . . 223 

„ Downy mildew — of bajri . . . . . . . . 309 

„ Grain smut — oijowar .. .. .. ..471 

„ Leaf-spot — of safflower caused by Cercospora carthami nov. sp. 

S. Sundararaman and T. S. Ramakrishnan . . . . 383 

„ Mosaic — of maize . . . . . . . . . . 249 

,, Mosaic — of sugarcane .. .. ..66,239 

„ Smut — of mustard . . . . . . . » 104 
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